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Preface

There has been some confusion in parts of the scientific community concern-
ing the use and distinction between the LOWTRAN and HITRAN computer codes.

In this pretace, we will briefly describe both codes in terms of their applications
and limitations,

The HITRAN and LOWTRAN codes are atmospheric propagation models relat-
ing to high and low spectral resolution, respectively. The word HITRAN gener-
ally refers to one or more line-by-line co.uputer codes which are used in con-
junction with a compilation of atmospheric absorption line parameters, to calcu-
late synth ‘tic molecular absorption spectra mainly at high resolution for laser
applications. However, the HITRAN technique can be used to calculate molecular
absorption spectra at any spectral resolution. Although there is no resolution
restriction with the HITRAN technique, computation times become excessive for
low resolution applications, which was one of the major reasons for developing the
LOWTRAN computer code with a fixed (20 cm'l) resolution capability,

It should be emphasized that molecular absorption is only one process which
limits atmospheric propagation and molecular scattering and " continuum" absorp-
tion (due to nitrogen and water vapor primarily); and aerosol extinction should
also be included in a complete HITRAN code just as they are in the LOWTRAN
code,

The wavelength range over which the HITRAN code can be applied is currently
from € to 1500 cm™! (that is, for all wavelengths greater than 0. 69 ym), whereas
LOWTRAN covers the range from 0. 25 to 28,5 um. The lower wavelength limit
for HITRAN corresponds to the shortest wavelength for which we have molecular
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line parameters documented on the AFGL compilation of atmospheric lin. param-=-
eters, We do plan to extend the line parameters compilation to the visible and
ultraviolet region of the spectrum. HITRAN techniques can be applied to any low
spectral resolution requirements where a particularly high accuracy is required
and where it is felt that the limitations imposed in the interest of computational
efficiency are not too great. This is not to say that HITRAN does not have its
own limitations. Its limitations are related to the uncertainties in the fundamen-
tal line parameters and particularly in line shapes. In the wings of absorption
lines it is known that most lines do not generally follow a Lorentz line shape, but
adequate information is simply not available for all molecules of atmospheric
interest in all portions of the spectrum., For most atmospheric paths at moderate
spectral resolution (say, 20 cm-l), we expect that HITRAN will generally give
results to +1-2 percent in transmittance with an increase in accuracy as we
approach 100 percent. There are limited spectral regions, near the edges of
strong absorption bands and window regions, where line shape uncertainties will
lead to greater transmittance errors. One major HITRAN limitation has already
been stated; namely, that the computation time (especially for low spectral resol-
ution problems) is enormous and generally impractical for systems applications,
Another limitation at this time is that HITRAN has not been developed into a
flexible system oriented code in the same way that LOWTRAN has,

In order to deal with these computational limitations of HITRAN, the
LOWTRAN concept was developed and ig similar to a number of previous "band
model" concepts. The LOWTRAN concept is applicable to low spectral resolution
{20 cm-1 or poorer) and in any case cannot be applied to high spectral resolution
or laser propagation problems. U In the LOWTRAN "single-parameter" model,
the molecular abundance and pressure dependence of absorption are clumped to-
gether and the temperature dependence is ignored. This reduction in the number
of independent variables leads to some decrease in computational accuracy and
we place the accuracy at about +5 percent in transmittance. The transmittance
accuracy must improve as 100 percent is approached, but the percentage accuracy
in absorption is expected to decrease for very transparent paths. Thus, the appli-
cation of LOWTRAN to the computation of window background radiance levels will
be somewhat limited. There will be situations, particularly in spectral regions
where the actual temperature dependence is large, where larger uncertainties may
exist due to the omission of the temperature dependence in LOWTRAN,

TThis statement applies to the molecular absorption part of LOWTRAN. The parts

of LOWTRAN which determine the transmittance loss due to molecula“ scatter-
ing, molecular continuum absorption, and aerosol extinction are common to both
high and low resolution applications, since these loss mechanisms have no fine
line gtructure.
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Both HITRAN and LOWTRAN must depend on the introduction of continuum
extinction (due to water vapor, nitrogen, and aerosols) as an addition to the line
absorption in atmospheric window regions, In these regions, the accuracy of
both codes is dependent on the accuracy of the laboratory measurements involved
in the determinution of the continuum coefficients due to molecular absorption,
and on the indices of refraction and description of aerosol models in relation to
the real atmosphere in the cause of aerosols, The largest uncertainty in the
atmospheric window is the variability of aerosols and the relationship of any
particular atmospheric situation to the aerosol models available, We are work-
ing to improve the aerosol models by creating a greater number of models and
providing more user guidance on the selection of the most appropriate aerosol
model for a given application.

The work ef deriving the aerosol extinction coefficients and the various
aerosol models contained in LOWTRAN 3B was carried out by Eric P. Shettle.
Questions relating to aerosol models should therefore be addressed to him.
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Atmospheric Transmittance From 0.25 to
28.5 um: Supplement LOWTRAN 3B (1976)

1. INTRODUCTION

The LOWTRAN 3 computer code1 (and its predecessors LOWTRAN 1 and
LOWTRAN 2)2 has been widely used for making atmospheric transmittance pre-
dictions covering the 0,25-28. 5 um region, This supplement is intended to pro-
vide an update to the LOWTRAN 3 computer c:c»de1 and also the LOWTRAN 3A
version., It contains two modifications which affect the transmittance due to the
water vapor continuum in the 3, 5-4.2 ym and 8-14 um rerions. Also contained in
this supplement are four new aerosol models and a temporary provision for han-
dling fog situationa.

The data provided here should be regarded as our best eatiraates at this time,
based on available measurements. As further measurements become available,
additional updates to LOWTRAN 3B will be made.

(Received for Publication 1 Naovember 1976)

TTl'xe LOWTRAN 3A modification was given a limited distribution only, and did
not contain any formal documentation besides that given in Appendix A,

1. Selby, J.E.A,, and McClatchey, .<.A, (1975) Atmospheric Transmittance
From 0, 25 to 28. 5 um: Computer Code LOWTRAN 3, AFCRL~TR-75-0255.

2, Selby, J.E.A,, and McClatchey, R.A, (1872) Atmospheric Transmittance
From 0. 25 to 28. 5 um: Computer Code LOWTRAN ’2, EFCRL-T2-0745.
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Included in this supplement (see Appendix B) is an updated errata sheet for
LOWTRAN 3 (Errata Sheet No, 3) and a full listing of the LOWTRAN 3B computer
code (see Appendix D).

We will first review the changes that have been {:.. >rporated into LOWTRAN
3A and 3B, and then discuss the impact which these changes have on the trans-
mittance for some gpecific atmospheric paths, Seversl comparisons will be given
between LOWTRAN 3 and LOWTRAN 3A and 3B predictions together with some
measurements,

AP T e e

2. THEORY

Attenuation due to molecular ahsorption occurs as a result of collision inter-
actions between molecules; that is, collisions between two HZO molecules and
those of other gases (principally H20:N2 collisions, since nitrogen comprises
approximately 80 percent of the air),

The attenuation due to the water vapor continuum still eludes a complete
theoretical explanation, At present, we believe that it results from the accumu-
lated attenuations of the distant wings of Hzo absorption lines, emanating prin-
cipally in the far infrared part of the spectrum. Other postulates, such that the
phenomenon is caused by other absorption mechanisms involving H20 dimers,
remain possibilities yet to be proved.

However, all that we can do at present is to account for the water vapor con-
tinuum phenomenon empirically, based on what limited experimental measure-
ments we have to go on, until better line shape thecories become available, It
should be emphasized that further accurate and well controlled measurements
are urgently required in order to account for this phenomenon in real atmospheric
situations with confidence.

The general formulation used to account for the watei vapor continuum atten-
uation at a fixed temperature, has been to define the transmittance «(v) as
follows:

e e g

Gl

=) = e K() XRANGE

where the attenuation coefficient k(v) is given by

e ier e 2t bl ks UM tlinr,

or (1) i
Cn
k(y) = Cg [pHZO +E§(PT - r‘H2O)] w
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where pH o and PT refer to the water vapor partial pressure end the ambient
pressure respectlvely latm) and w f<fines the quantity ¢f water vapor per unit
path length (gm cm ™ km ). The quan ties CS and C,, are generally referred
to as the self and foreign (nitrogen) bi >adening coefficients for water vapor,

Values for CS and CN /CS have been obtained empirically frora laboratory
measurements, In the study presented here, as with LOWTRAN 1 through
LOWTRAN 3, the quantity CN/CS is assumed to remain constant over a given
wavelength interval. Hewever, one major additiocn has been to account for the
temperature dependence of T Cq and this will be discussed in Sections 3 and 4.

In the recent LOWTRAN 3A modification, the term involving CN/C g was
omitted completely in the 8~14 um region because of the large uncertainty in the
measurerasnts available, However, (as will be seen in Appendix C), although
the uncertainty in the available measurements still exists there does appear to
be a trend in the measurements towards a small but finite value for CN / CS in this
spectral region. Consequently, a further change has been included in this version
of LOWTRAN which distinguishes it from the previous LOWTRAN 34 version.

3. 8-14 ym H20 CONTINUUM

Two major modifications have heen made to LOWTRAN 3 in the 8-14 um
region, The first of these is the addition of a temperature dependence to the
water vapor continuum absorption coefficient (the self broadened coefficient),
which was determined empirically from the measurements of Burch. 3 The sec~
ond major modification is a 60 percent reduction in the nitrogen broadened water
vapor absorption coelficient (see Section 3.2 and Appendix C).

3.1 Temperature Dependence

Rccently, a review of available water vapor continuum experimental measure-
ments was made by Roberts et al4 in the 10 ym region in order to update the atten-
uation coefficients currently used in the LOWTRAN 3 model. These workers
found that an empirical expression of the form given in Eq. (2) (below), provided
a good [t to the wavelength dependence of the measured water vapor continuum
attenusation coefficients at 296 K. It was found that the more recent results did

3, Burch, D.E. (1971) Semiannual Technical Report; Investigation of the
Absorption of Infrared Radiation by Atmospheric Gas Gases, Aeronutronic
Report U-4784, ASTIA (AD 702117).

4, Roberts, R.E., Selby, J.E,A., and Biberman, L.M. (1976) Infrared con-
tinuum abso® ation by atmospheric water vapor in the 8-12 um window
Applied Opt!_.s 14:2085.
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not deviate siguificantly from those previously reported by Selby and
McClatcheyl' in LOWTRAN 3 and LOWTRAN 2, as can be seen in Figure 1,
However, the water vapor continuum attenuation coefficient has been found to have
a significant temperature dependence, which was not accounted for in the ;revious
LOWTRAN computer codes. Based on the laboratory measurements of Bu':ch3
using samples of water vapor at eievated temperatures, an approximate empiri-
cal expresas’~n was obtained by Roberts et 19.14= for the temperature denendence
which is given in Eq. (3) below. It was found that the attenuation coefficient due
to the water vapor continuum increases as the temperature decreases. That is,
for a fixed amount of water vapor in a given path. one would expect more aksorp-
tion ai colder temperatures and less absorption at warmer temperatures, This

is & somewhat unusual phenomenon. In practice one finds less water vapor in the
atmosphere under cold conditions, therefore, the effect of temperature on the
attenuation in the 8-14 uym region plays two competing roles, through the total
water content of the path and the attenuation coefficient.

7'.
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Figure 1, Comparison of H30 Coutinuum Self Broadening
Coefficients Used in LOWTRAN 3 and LOWTRAN 3B
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The empirical fits to the wavelength and temperature dependence of the
water vapor continuum described in Roberts et 314 have been used in LOWTRAN
3B with the appropriate conversion of units, as follows:

The attenuation coefficient C_ in gm'1 cm"'2 atm'1 at 296 K is given by the

following expression in the 8-14 ym region:

3

C, (v, 286) = 4,18 + 5578 exp (~7.87 X 1077 ) (2)

where y is the wavenumber in cm ™! (note that y = 104/7&, whers A is the wavelength

in pmj,
The temperature dependence of the coefficient Cs was found to vary as:

: 11
C, W, T) = C (v, 296) exp [moo (—,f-- m)] (3)

where T is the temperature in degrees Kelvin,
Equation 3 can be rewritten as follows:

C v, T) = C_(v, 296) exp [s.oa (-29?6- 1)] . (4)

3.2 Nitrogen Broadened Coefficient

The second term in Eq. (1), defined as CN/CS' represents the ratio of the
foreign (nitrogen) broadening coefficient to the self broadening coefficient.

For the 8-14 um region, we have used a value of 0,005 for this parameter in
LOWTRAN 1 through LOWTRAN 3, based on the measurements of McCoy and
Rensch, 5 Several questions have arisen recently concerned with the uncertainty
of those measurements, and a summary and review of more recent measurements
are given in Appendix C.

As a result of the uncertainty in the above value (CN/ Cg=0. 005), a modifica~
tion had been made to the LOWTRAN computer code incorporating the temperature
term discussed in Section 3.1 but omitting the CN/CS term completely, This
constituted the LOWTRAN 3A supplement (see Appendix A), which is now super-
ceded by this report.

In LOWTRAN 3B, we are using a value of 0, 002 for the parameter CN/CS
based on the review of the measurements presented in Appendix C.

In LOWTRAN 3B, we nave assumed that CN/CS (at 296 K) does not vary with
temperature (since no supporting measurements are available).

Thus, further measurements are needed to determine more accurately the
magnitude of the parameter CN/CS and its temperature and wavelength dependence.

5. McCoy, J.H., Rensch, D.B,, and Long, R.K. (1969) Appl. Opt. 8:1471,
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3.3 Transmittance Calculations

The transmittance due to the water vapor continuum in the 8-14 um region,
is calculated for a horizontal path of length RANGE (km) at altitude 2 using the
following exnression in LOWTRAN 3B:

) = exp [ - €, 290)W(z) RANGE | (5)
where W(z) is the eflective Hzo absorber amount per unit path length (in gm cm"2
atm km-l) at altitude z, and C S(u, 296) is the water vapor (self broadened) atten-
vation coefficient obtained from-laboratory measurements at a temperature of
296 K.

The quantity W(z) is given by:

206
Py, 0 P [6. o8 (&5 - 1)]+ 0. 002 (P'r - pnzo) (6)

W(z) = w(z)

where
w(z) = gm em™2 /km of HyO in the path at temperature T,T

Pyo* Hzo partial pressure (atm) at altitude z,
2

P

T ambient (total) pressure (atm) at altitude z, and

T(z) = ambient temperature at altitude z (degrees Kelvin).

Note that the temperature dependence of the attenuation coefficien: Cs(v, T) given
in Eq. (4) has been incorporated into the expression for W in Eq. (6). The
reason for this is so that the temperature variation over a given atmospheric
slant path is weighted equally with the water content along the path.

1.No'te that if temperature T(K) and relative humidity RH (%) are known, then w and

Py_o can be determined as follows:
2
w = 0.001 X RH X p(T) (gm cm™2/km) (8)
- =5 '
pH20 = 4,56 X 10 “ w T (atm) (b)

where p(T) is the saturation vapor density of water (gm m'3) at ambient temper-
ature T, gvhich can be obtained from standard meteorological tables (for exam-
ple, List®) or from the following expression:

p(T) = A exp (18.9766 - 14.9595A - 2,4388A%) (c)

where A = 273.15/T
Equation (c) is thti' ¢mpirical equation used in LOWTRAN 3 (see page 9 of
Selby and McClatchey ).‘

6. List, R.J. (Editor) (1963) Smithsonian Meteorologcal Tables, 6th Revised
Edition, Smithsonian Institute, Washington, D.C.
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It may be worth contrasting Eq. (6) with the corresponding expression which
has been used in LOWTRAN 1 through LOWTRAN 3, that is:

W(z) = w(z) | p + 0,005 [pm - P . 7
[ H20 ( T H20
4, 3.5-4.2 um H20 CONTINUUM

Using the laboratory measurements of Burch et al, 7 en empirical expression
was obtained for the temperature dependence of the attenuation coefficients in the
3-5 yym region. The measurements reported in Burch et al were for samples of
pure water vapor made at elevated temperatures, and have been confirmed inde-
pendently by White et al. 8

It was found that

= C 296
Cs(v, T) = Cs(v, 296) exp [4. 56 (T -1 )] (8)

provides an approximate fit to the measurements for pure water vapor extrapolated
to a temperature of 296 K.

The attenuation coefficients at 296 K used in LOWTRAN 3B for the 3. 5-4.2 um
region have been digitized directly from the extrapolations reported ky Burch
et al, 7

From the limited measurements available, it appears that the temperature
dependence of the water vapor continuum (due to self broadening) in the 3,5-4,2 um
region is not as strong as taat in the 8-14 uym region.

4.1 Foreign Gas Broadening

A value for the nitrogen broadening coefficient of 0. 12 was obtained by Burch
et al7 for a temperature of 428 K. Since no other measurements are available at
the time of writing, this value will be used in LOWTRAN 3B (see Section 4. 2)
with the same temperature correction which is applied to the self broadening term
(see Eq. (8)).

7. Burch, D.E,, Gryvnak, D.A., and Pembroke, J.D. (1971) Philco Ford Corp.

Aeronutronic Report U-48987, ASTIA (AD 882878),

8. White, K.O., Watkina, W,R., Tuer, T.W,, Smith, F.G., and Meredith, R. E,
(1975) J. Opt. Soc. Amer. 65:1201,

17
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4.2 Transmittance Calculations

As for the 8-14 um region, the transmittance for a horizontal path of length
RANGE (km) can be calculated using Eq. (5) (Section 3,3), where the parameter
W(2) is now given by the following expression for the 3.5-4.2 um region:

wW(z) = w(z) [szo + 0, 12(PT - szo)] exp [4. 56 (112;-?;6)- - 1)] . (9)

As in Section 3, the temperature dependence of the attenuation coefficient
has been incorporated into Eq, (9), It will be noted that the nitrogen broadening
coefficient in the 4 um region (see second term in Eq. (12)) is more significant
relative to the self broadening term than in the 10 um region. Again it should be
emphasized that the above expressions are approximate and further measurements
are required to determine the temperature dependence of the nitrogen broadening
coefficient, as well as more accurate values for the wavelength dependence of the
self broadening coefficient at ambient temperatures (for example, 296 K) and its
temperature dependence.

5. COMPARISON OF LOWTRAN 3, 3A AND 3B PREDICTIONS

The effect of the changes described in this supplement on the transmittance
for (1) a 10 km horizontal path at sea level, and (2) a vertical path to space from
sea level for three extreme atmospheric models (tropical, 1962 U, S. Standard
and Subarctic winter) are shown in Figures 2 and 3 respectively for the 3.5-5.5 um
regions and 7-15 um regions,

In all cases, the LOWTRAN 3B predictions (dashed curves in Figures 2 and 3)
lead to greater attenuation in the 3-5 um region, by as much as 20 percent in the
worst :ase shown in Figure 2, Howsever, in the 8-14 um region LOWTRAN 3B
appears more optimistic than LOWTRAN 3 by up to a factor of 2 for the worst
case given in Figure 2,

Figures 4-6 show some comparisons of LOWTRAN 3 and 3F with measure-
ments of Gebbie et a19 and-Yates and Taylor. 10 In general, LOWTRAN 3B pro-
vides better agreement with both sets of measurements. However, tlie statements
previously made in Selby and McClatcheyl' : with regard to the measurements of
Yates and Taylor, still apply, namely that these measurements should not be used
as a standard to compare LOWTRAN or any other model against.

9. Gebbie, H.A., Harding, W.R., Hilsum, C., Pryce, A.W., and Roberts, V.
(1951) Proc. Roy. Soc. 208A:87,

10. Yates, H.W., and Tayler, J.H. (1960) Infrared Transmigsion of the Atmos-
phere, NR Report 5453, U.S. Naval Research Laboratory, Washington, D.C.
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6. LOWTRAN 3B H20 CONTINUUM COMPUTER CODE CHANGES

The computer code modifications necessary to update LOWTRAN 8 to
I2OWTRAN 3B are discussed below and are treated separuiely from the errata
sheet given in Appendix B, and from the aerosol model changes given in Secticna
7 and 8.

The code modifications necessary to incorporate the 3 5-4.2 um and 8-14 um
water vapor continuum additions are not trivial unless one treats the changes
separately. Because of the different formulations given in Eqs. (6) and (8), it
is neceanary to treat the water vapor continuum in the two spectral ragions as
though they were different absorbing species. This means that separate arrays
need to be set up for the horizontal and vertical profiles, Because of this, the
reader will be given two options. The first is the change necessary to run either
the 8-14 um region (see Section 6. 1) or the 3-5 um region (see Section 6, 2) but
not both together., The second change (see Section 6. 3) will enable both regions

to be run with one submiasion of the program und this change is recommended
for permanent conversion to LOWTRAN 3B (see Appendix E). Note that changes
6.1(b) and 6.2(b), (c), and (d) are compatible. That is, alter effecting the
changes 6. 1(b), 6,2(b), (c), and (d), the computer code can be run with either
change 6. 1(a) for 10 um region or change 6, 2(a) for the 4 um region. If the com-
puter code is only going to be run for the 8-14 um region, then only changes

8. 1(a) and (b) need be affected and vice versa,

6.1 8-14 um Region Change Only
(a) Page 70 - Replace line A 185A by the following:
TSI = (206, 0/273, 15)*TS *A 185A
EH(5, I) = D*PPW*EXP(6, 08*%(TSI - 1, 0)) + 0. 002%¥D*(PS-PPW) *A 185B
(b) Page 75 - Delete line A 486 and insert the following:
Cadckpiekx 10 MICRON H20 CONTINUUM CHAWGE
TX(5) = 4. 18 + 5578. O*EXP(-7.8TE-3*V) *A 486A
GO TO 67 *A 486B

6.2 3.5-4.2 um Region Change Only

(a) Page 70 - Replace line A 185 by the following:
TSI = (296, 0/273, 15)*TS *A 185A
EH(5, 1) = D*(PPW + 0. 12%(PS-PPW)}*EXP(4, 56%(TSI - 1,0)) *A 185 C
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(b) Page 74 - Replace line A 453 bv tl.e following:
IF (1IV. LT, 2080) GO TO .2 *A 4534
IF (IV. LE, 3000) GO 170 62 *A 453B
(c) Page 75 - Delete lines A 486, A 187, A 405, and A 496
Crekerk ¢ MICRON H20 CONTINUUM CHANGE

R

; 62 IF (IV. L.T. 2350) GO TO 68 *A 486
3 XI = (V - 2350.0)/50.0 + 1,0 *A 487
IF {IV. LE. 1350, OR. IV, GT. 2740) GO TO 72 *A 499

(d) Page 92 - Replace the 10 um attenuation coefficients on the 17th line from
the bottom of page 92 (identified by 700 in the last column on the right of the line)
by the following:

PR T | T ST

(Format 15F5. 3)
V0.00%, 187%. 1479, 1179, G979, 087w, 100w, 1207, 147v, 174V, 2007, 2407, 280V, 330%, 000922350

] where the aymbol ¥ here refers to a space, i

Note that the 4 um water vapor continuum data given above occupy the same
storage locations previously occupied by the 10 um continuum data, which is now
replaced by an empirical equation (see Eq. (2)).

e b .

6.3 Complete Changes for Both 4 um and 10 um Regions
Page 70: 1. Replace line A 185 by:

TS1 = (2968, 0/273, 15)*TS *A 1854 :
EH(S5, I) = D*PPW*EXP(6, 08*(TS1 -1, 0)) + 0, 002%D*(PS-PPW) *A 185B
EH(10,1) = DXPPW + 0, 12%(PS-PPW))*EXP(4. 56%(TS1-1, 0)) *A 185C ’

2, Line A 193D, Replace EH(10,1) by REF
3. Line A 197%, Replace EH(1YV,I) by REF
4. Replace line A 200 by:
IF (IFIND. EQ. 0. OR.JP. EQ. 0)PRINT 434, I, Z(I), (EH(K, I), K=1, 10), REF *A 200%

5. Replace line A 210 by: DO 18 K = 1,10 *A 210
6. Aflter line A 220 add: EH(10,J1) = E(10) x4 220+
7. After line A 225 add:

IF(ITYPE. NE. 3)EH(10, J2+1) = TX(10) x4 225+
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Page 71: Replace line A 248 by: DO 24 K= 1, 10 *A 248

P

: Replace line A 272 by: 26 DO 27K = 1, 10 ®A 272%
Replace line A 287 by: DO 29 K = 1, 10 *A 287
Page 73: Replace line A 356 by: DO39 K =1, 10 *4 357
g Replace line A 399 by: DO 42 K = 1, 10 *A 399
Replace iine A 407 by: DO 44 K = 1, 10 *A 407
X

Page 74: Replace line A 424 by: WRITE(6, 421)(W(1), I=1, 8), W(10)
Replace lines A 452 and A 453 by the following:

. IF(IV, LT, €70) GO TO 72 : *A 452

IF(IV. LE, 3000) GO TQ 61 *A 453

T

Page 75: Replace statements A 484 through A 499 by the following:

; Ckakktnk WATER VAPOR CONTINUUM 10 MICRON REGION *A 484
: 61 IF (IV.GT.1550) GO TO 62 *A 485
TX(5) = (4, 18 + 5578, OXEXP(-7. 87E - 3%V))*W(5) *A 486

o GO TO 66 *A 487 i

i ; 62 IF (IV. LT, 23L% GO TO 68 *A 488 :

! C#*tprrsx WATER VAPOR CONTINUUM 4 MICRON REGION *A 489 ‘

XI = (V - 2350, 0)/50,0 + 1,0 *A 490 ]

DO 63 NH = 1, 15 *A 491 ;
XH = XI - FLOAT (NH) *A 492

TX(5) = C5(NH) *A 493 ,

IF (XH) 64, 65, 63 *A 494

63 CONTINUE *A 495 ' :

64 TX(5) = TX(5) + XH*(C5(NH) - C5(NH - 1)) *A 496 s

65 TX(5) = TX(5)%W(10) *A 497 S

66 SUM = SUM + TX(5) *A 498 ]

IF (IV. LE. 1350, OR. IV.GT. 2740) GO TO 72 *A 499 i

Page 77 - Line A 629 modify format statement as follows:
421 FORMAT (/10X, 8H W(1-8)=8(E14, 3)/74X, E14.3/) *A 629
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11, Shettle, E,P,, and Fenn, R. W, (1976) Models of the atmospheric aerosols

Page 79 - Relabel line B 37B by B 37D and replace line B 37A by the follow-
ing:

DO3K-=1, 10 *B 37A
IF(K.EQ.9) GO TO 3 *B 37B
Page 79 - Repiace line B 45 by the following:

DOS5K=1, 10 *B 45

Page 92 - Replace the 10 um attenuation coefficients on the 17th line from
the bottom of page 92 (identified by 700 in the last column on the right of the line)
by the following:

(Format 15F5. 3)
V0. 00v. 187V, 147V, 117V, 097v. 087v. 100V, 120V, 147v. 174w, 200V, 240V, 280V, 330v%. 000v2350
where the symbol v here refers to a space,

Note that the 4 um water vapor continuum data given above occupy the same
storage locations previously occupied by the 10 um continuum data which is now

replaced by an empirical equation (see Eq. (2)).

7. ATTENUATION FOR MARITIME, URBAN, RURAL, AND TROPOSPHERIC
AEROSOL MODELS

.

Four new aerosol models are shown in Table 1 below which can be read into
the LOWTRAN 3B program as data, when required. The wavelengths (um) and
the extinction and absorption coefficients (km'l) for these aerosols have seen

digitized directly from the work of Shettle and Fenn, > and are given below in the

same format (that is 4(F6,2, 2F",5)) as the average continental aerosol data 3
already contained in LOWTRAN 2 (for a visual range of 23 km), The Rural Model ‘
is intended to replace the present LOWTRAN 3 Aerosol Model, which was a pre- 1

liminary version of the Rural Model.

The Maritime, Urban, Rural and Average Continental Aerosol Models are
all strictly speaxking, boundary layer models; that is, they apply to the first few
kilometers of the atmosphere, The Tropospheric Model, on the other hand, was

developed primarily for use in the troposphere above the boundary layer. How-
ever, it can be used for transmittance calculations near ground level for

and their optical properties in AGARD Conference Proceedings No. 183,
Q{tical Propagation in the Atmosphere,. pages 2, 1-2, 16, presented at the
E

ectromagnetic Wave Propagation Panel Symposium, L Denmark,
27-31 October 1975, (Avaifab%: from NTIS, Acc. No. N'K’;‘-%bghﬂ.)
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Table 1.

Rural Model

« 200
Y1
1.060
2.500
4,000
7.200
8,700
9.819
11.50
15.00
20,00

« 38223 07945

«17989

0111t

«07078 .01070

« 02068
« 01654

+ 00463
«00232

«01569 00715

+ 01994
« 01744
« 01455
+01368
«01427

Maritime Model

«01126
« 00822
+ 00535
« 00834
«00767

«200
« 488
1.060
2.500
L4000
7.200
8.700
9.80
11.50
15.00
20.00

+20832 ,02054
+16213 ,00193
«13909 .0019¢

+ 09962
+086790

260336
00314

04758 ,00942
« 04267 01114

«03257

+00983

02555 L0165
«03888 ,02948
«03648 ,02537

Urban Model

«200

488
1.060
2.500
4,000
7.200
8.700

9.80
11.50
15.00
20.00

«31030
17631
« 08140
«03211
«02313
001747
« 01854
«01669
001452
«01315
«01262

«10692
05674
«03564
.N1827
«01223
« 01072
01172
+00973
00765
« 00843
« 00741

«200

488
1.060
24500
4,000
7.200
8,700

9.80
11.50
15.00
20,00

k0212
18187
«06265
+ 00783
+00316
«00363
«00664
+ 00377
0019t
00382
+00254

. Tropospheric Model

«0804L2
00772
«00685
«00183
«00069
00322
¢ 00540
«00311
0012
«00375
« 00242

Maritime, Rural, Urbar, and Tropospheric Models

+250

*550
1.536
3.000
5.000
7.9010
9,000
10.00
12.59
16.40
22.50

« 250

+550
1.536
3,000
5.000
7.900
9. 000
10.0¢C
12.50
16.40
22450

« 250

«550
1.536
3.000
5000
7.900
9,000
10.00
12.50
16.40
22.580

« 250

+ 550
1.536
3.000
5.000
74903
9.000
10.00
12.50
16440
22.50

« 32979
«1%800
«0bL18Y
+ 04900
« 01533
«01102
02112
« 01714
«01365
« 01384
«01381

«19518
«15800
12754
«10u26
« 07012
« 04063
«04208
202051
« 03085
«04021
« 03232

«28416
«15800
+« 05408
«02838
«02010
« 11445
«+01900
« 01644
«01373
«01297
«01209

+34505
«15800
«03078
« 00629
« 00233
«00293
«N0726
«» 00359
00177
«00246
« 00252

+« 03661
«01095

«300
694

«00933 1,800
« 00584 3.500
«00321 5,500
«00617 8,200
«01209 9,200
«00810 10,59
«00516 13.00
200696 17.20
00767 25,00

«00864
« 00186

«300
« 694

+00191 1,800
«05258 3,500
« 00578 5,500
«00923 8,200
«01119 9,200
«00987 10.59
« 0254 13,00
«02354 17,20
«02263 25,00

« 08649
«05282
«02769
« 01699
«01078
+ 00953
«012902
+ 00954
«00727
« 00751
«00719

« 03451
« 00746
+ 00545
«00251
«00098
»00285
« 00593
+ 00299
« 00157
«00235
o« 00245
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«300

«694
1.800
3.500
5.500
8,200
9,200
10.59
13.00
17.20
25.00

«300
« 694
1.800
3.500
5.509
8,200
9.200
10.59
13,00
17.20
25400

« 28540
«12064
203126
«01767
L1479
«01019
02213
+01588
«01339
«01480
«01302

18479
«15001
«12049
«09899
«05928
«03960
+03962
« 02582
03339
W0h121
202901

+25825
212601
+04U6S
«02545
«01896
«01384
01939
« 01555
001347
«01333
01163

029674
+14722
19142
«00420
«00224
00465
00858
00272
200180
« 00264
«00250

«02110
« 00968
« 00700
+002590
+ 00388
«00807
« 01378
« 00689
«00523
«00767
«00749

$00442
«00155
«00145
00658
+003507
01006
«01161
«01089
.02575
+02936
02053

207571
« 04528
« 02408
« 01360
« 01045
«01037
«01278
+00868
«00721
00776
« 00691

« 01767
«90613
« 00345
« 00076
«I0127
00463
«007690
«2022A
« 0016k
« 00245
«00246

400
+ 860
2.000
3.750
6.000
8.500
9.500
11.00
14,00
18.50
30.00

o400

« 860
2.000
3.750
6,000
8.500
9.500
11.00
14.00
18.50
30.00

400
+ 860
2.000
3.75¢0
6,000
8.500
9.500
11.00
14,90
18.50
30.90

W00

+860
2,000
3.750
6.000
8.500
3.500
11.00
14,00
18,50
30.00

«22026
09151
+02510
+ 04699
«01389
01778
+01870
01514
«01286
«013%3
«01204

17032
16412
«11530
« 09191
« 05485
« 04045
«03552
32470
«+03688
«03951
«02420

«20867
+10074
«02899
02421
«01776
« 01757
«01748
«01499
« 01294
« 01245
«01050

«22585
«08537
« 01241
«00354
« 00234
« 00785
« 00503
«00212
00182
«00221
« 30276

«01317
.01058
+ 00637
«00216%
<0462
+ 01254
«01005
«00570
«0N538
«00677
,00764

200243
«00171
00218
+00271
«062351
+01125
«01011
«01330
«028627
+ 02769
«01775

«06376
JWD22
«02115
«01274
«01023
¢« 01251
«01075
« 00796
« 00707
«00712
«00668

«00971
+00683
W 03173
«00063
«00171
00766
+ 00427
«00175
+00170
« 00212
«00274
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particularly clear and calm conditions (in pollution free areas and with visibilities
greater than 30-40 km), where there has been very little turbulent mixing for a
period of one or two days, permitting the larger particles to have settled out
without being replaced,

The altitude variation of the aerosol number densities is the same as that
used in the previous LOWTRAN programs, based on Elterman's;12 measured
extinction coefficients at 0. 55 um, The size distributions for the Maritime and
Rural Aerosol Models are shown in Figure 7 (taken from Figures 2 and 3 of
Shettle and Fennu). The Urban Model is assumed to have the same size distri-
bution as the Rural Model,

The Tropospheric Aerosol Model is the same as the small particle portion of
the Rural and Urban Models, that is, nl(r) in Figure Ta, The larger particles
are lost at a higher rate than the small ones, and above the boundary layer they
are not replaced by turbulent mixing from the surface. The continental compo-
nent of the Maritime Model also is the same as the small particle portion of the
Rural Aerosol Model for analogous reasons. For comparison, the earlier
LOWTRAN 3 Aerosol Model is the curve labeled Modified Haze C in Figure 7a.

8
0 S ILELAALIRAL BURAL IR f,ﬁ"'- Ml B b BN B
s URBAN AND 7 o’ MARITIME
10 — RURAL MODEL — & Ff AEROSDL MDODEL 1
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Figure 7. Size Distributi-ns for Aerosol Models Used in LOW'TRAN 3B
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12, Elterman, L. (1968) UV, Visible, and IR Attenuation for Altitudes to 50 km,

1968; Tech, Report K#CRE-BE-UIEB, April 1568,
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The aerosol models also differ in their composition and the corresponding
variation of refractive index with wavelength, The Rural Model is assumed to be
a mixture of 70 percent water soluble nerosols and 30 percent dust-like aerosol.

The Maritime Model is composed of a mixture of aerosols of oceanic and
continental origins. The oceanic aerosols are produced primarily by the sea
spray and are assumed to be a solution of sea salts in water. The continental
component has the same composition as the Rural Model, While the proportions
and nature of the two components of the Maritime Aercsol will vary geographi-
cally, there is insufficient data to meanfully model these variations. For simplic-
ity, the oceanic component is taken as contributing 75 percent of the extinction at
0.55 um, which yields a model which is consistent with measurements in a num-
ber of different maritime locations.

The Urban Model is similar to the Rural Model, but with an addition of soot-
like aerosols such that the mixture is 35 percent soot-like aerosols and 65 percent
Rural Aerosols, The Tropospheric Model is assumed to have the same composi-
tion as the Rural Aerosols. The refractive index data used is tabulated in
Appendix D,

The characteristics of the different aerosol models, for the lower atmos-

. ! phere, are summarized in Table 2, The size distributions are represented by
£ one or the s'1m of two log-normal distributions:

R

A

B e

TP N § O O

TR,

2 2
AN N; exp (log r - log ry) (10)
ar & \n o). r. opor 2 o2 '

The choices of N ° in Table 2 correspond to 1 particle/cma. The actual size dis-
tributions are renormalized to give the correct extinction coefficients for the

altitude and visibility model being used. ,
The wavelength variation of the extinction coefficients for the aerosol models

is shown in Figure 8 (taken from Figure 4 of Shettle and Fennu) for a visual

range of 23 km, It will be rioted that the extinction coefficients for the average
: continental, Rural and Urban Models do not differ sltg'nificantly..r The Maritime
F Aerosol extinction coefficients and those of the Tropospheric Model show con- v
i trasting features which bracket the remaining three models, ;
The effect which these various aerosol models have cn the atmospheric trans- :
mittance for a 10 km path at sea level is shown in Fir for the 1962 U. S,

Standard Atmosphere and a visual range of 23 km, The ..rong attenuation of the
Maritime Aerosol Model relative to the other aerosol models is apparent,

ot mssant o Lo e

TThe absor—~tinn propertiea of the Prban Model, however, are appreciably different
from those oi the other models, !
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Table 2, Characteristics of the Aerosol Models of the Lower sitmosphere

f : Aerosol Model Size Distribution Type

E

: 1 Ny Ty %

i Rural 1 0.9999975 0,005 ym 0,475 Water-Solubles and
‘ 2 0.0000025 | 0.5 um 0.475 Dust-Like

Z Urban 1 0. 9999975 0.005 ym 0,475 Rural Aerosol
ot Mixture and

¥ i 2 0, 0000025 0,5 um 0,475 Soot-Like

n i . Maritime

P Continental 1.0 0.005 um | 0.475 Rural Aerosol

§ Origin Mixture

E ! Marine 1.0 0.3 pm 0.4 Sea Salt Solution
3 : Origin in Water

) Tropospheric 1.0 0.005 um | 0.475 Rural Aerosol

: .Aixture

\ The parameters defining the gize distribution, correspond to the Ni’ ry, and o
3 in Eq, (10). Note that the r, values are the mode radii of the distributions on a

plot at dN/dr vs r.

-y
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Figure 8. Extinction Coefficient for New
Aerosol Models Used in LOWTRAN 3B
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It is recommended that the Tropospheric Model be used for air-to-air appli-
cations and the other models for near surface applicatiuns.

Further work is proceeding to incorporate stratospheric aerosol models11
and a procedure for including the altitude variation of aerosol properties for more
accurate slant path calculations, The effect of increased humidity on the growth
of aerosol particles and the effect which these changes have on the attenuation as
a function of wavelength is also being investigated. Many of the effects of chang-
ing humidity are handled by normalizing the extinction coefficients to the visibility
as is done by LOWTRAN, This can be seen by examining the wavelength deperd-
ence of attenuation coefficients as a function of humidity in the Hodges13 or
Barnhardt and Street14 models,

7.1 Computer Code Changes for Including Aerosol Models

In order to use the aerosol models described in the previous section, it is
necessary to make the following card changes in LOWTRAN 3,

Page 67 - Replace lines A 85B through A 85D by the following:

IF(IHAZE.NE. 7) GO TO 250 A 85B
READ 431, (VX(I), CU(I), CTA(D), 1-1, 44) A 85C
PRINT 431, (VX(I), C(I), CTA(D, I=1, 44) A 85D
IHAZE =1 A 85E
250 IF(RO. NE.0 ) RE=RO A 85F

IF(IXY,GT.3) GO TO 8 A 85G

IF(M. EQ. 7. AND, IM. NE.0 ) GO TO 4 A 85H

Page 86 - Replace the AEROSOL SPECTRAL DATA (between 3 and 13 lines
from the bottom of the page) with the correspording 11 cards for the Rural Model
presented above,

Note that the above changes simply replace the Average Continental Aerosol
extinction coefficient arrays by those for the Rural Model, and permit any of the
other three Aerosol Models described above to be read-in with the control data
cards when IHAZE is set equal to 7, The same altitude variation of aerosol num-
ber density and visual range interpolation/extrapolation scheme is used for
determining the aerosol transmittance.

13, Hodges, John A. (1972) Aerosol extinction contribution to atmospheric attenu-

ation in infrared wavelengths, Appl. Opt. 11:2304-2310.

14, Barnhardt, E.A., and Street, J.L. (1970) A method for predicting atmospheric
aerosol scattering coefficients in the infrared, Appl. Opt. 9:1337-1344,
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7.2 Eﬁmple of Use of New Aerosol Date

Suppose that we wish to compute the transmittance for a 10 km path at sea
level for a midlatitude winter model atmosphere for both Rural Aerosol and a
Maritime Aerosol condition where the visual range is 15 km, Let the wavelength
range be 2 to 5 um (that is, 2000-5000 cm™1),

The control cards necessary for executing this problem are as follows (using
the same parameters and card formats as specified in Section 5 of the LOWTRAN 3
reportl).

CARD 1 ®%3kk]1kk]
CARD 2 #ksokkQ, 000%ksokkakikiokikikkikkikkiok] 0, 000%ktkskokkikikiokk] 5, 00
CARD 3 **2000, 000**5000, 000%***x*5, 000

CARD 4 *¥4
CARD 5  *¥3%xTik]

CARD 6 .200 .20832 , 02054 .......... Ceieereeee.. .400.17032 . 00243
CARD 7 .488 . 16213 . 00193 -+ euonrnnns e .860 14412 .00171
CARDS8  1.060 .13909 .00191 «-...... Ceeieereeees.. 2,000 . 11530 . 00218
CARD 9  2.500.09962 . 00336 «.vvoovrrvreererrunen. 3.750 . 09191 . 00271
CARD 10 4.000 .08670 . 00314 «0cveveveunsnan. vevt..6.000 05485 . 02351
CARD 11  7.200 .04758 ., 00942 +.cvevovann.. veveevsr. 8,500 .04045 . 01125
CARD 12 8.700 . 04267 .01114 ...... e 9.500 . 03552 . 01011
CARD 13 9.800 . 03257 . 00983 « ¢+ evvevrrrrrnnnnnn.. 11.000 . 02470 . 01330
CARD 14 11.500 . 02556 . 01663 ¢« -vvovevnnrnnrnnss .. 14.000 . 03688 . 02827
CARD 15 15.C00 .03888 . 02048 ...... e cereee...18.500 .03951 . 02769
CAKD 16 20.000 . 03648 . 02537 ....... e, 30. 000 . 02420 . 01775
CARD 17 ¥

w’ 2 the symbol * refers to a space,

"he card sequence can be continued after CARD 16 if further calculations
are - quired with one submission of the program (see Example 5 on page 30 of
Selby and McClatcheyl). In such a case, however, it should be noted that the
subsequent calculations will also use the Maritime Model, for the example given
here. hus, all calculations involving the Average Continental Model (or the
Rural Model replacement) should be get up first.

8. FOG ATTENUATION
In LOWTRAN 3B, we have not added attenuation coefficients for fog models;

such additions will be included in subsequent updates, However, the following
update is included as a temporary measure,
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IF(VIS,GT. 0, 0, AND, VIS, LT. 2.0) XX = 3,91/VIS A 563D
IF(IHAZE. EQ. 0. OR.XX.GT. 0.0) GO TO 80 A 564%

The above statements will set the infrared transmittance equal to visible
transmittance, as is suggested by the studies of transmittance by fogs of
Ruppersberg et al, 16 when the input visual range is less than 2 km. Alternately,
the reader could omit the above changes and use the Maritime Aerosol Model
described in Section 7 for moderate fog situations. This would provide a more
optimistic value for the infrared extinction for a given visibility in fog.

Work is currently proceeding at AFGL to develop representative fog models,

9. SUMMARY AND CONCLUSIONS

The reason for designating this supplement as LOWTRAN 3B is to distinguish
it from an earlier supplement called LOWTRAN 3A (see Appendix A),

In this supplement, we have attempted to review the available measurements
and theory for the water vapor continuum attenuation in both the 8-14 yum and the
3.5-4.2 um regions. These results have been included as updates to the
LOWTRAN 3 computer code, 1 These updates include the addition of water vapor
continuum attenuation in the 3.5-4,2 um region, as well as the incorporation of a
temperature dependence to the attenustion coefficients in both the 4 ym and 10 um
spectral regions. The contribution of foreign gas broadening to the 10 um H20 ‘
continuum attenuation has also been reduced by 60 percent (the latter contribution
was reduced by 100 percent in LOWTRAN 3A).

Also included are a Rural Aerosol Model to replace the LOWTRAN 3 Average
Continental Aerosol and three additiona), Aerosol Models which are representative
of Maritime or Urban conditions and the Tropospheric above the boundary layer. A
temporary provision has been made for handling fog situations, whereby the infra-
red attenuation is set equal to the visible attenuation (at 0.55 um) when the visual
range is less than 2 k. The latter provision could overestimate the attenuation
at 10.6 um by a factor of 2 under the best propagation conditions.

Several examples have been presented here which demonstrate the effect
which the above additions have on the tranamittance for representative atmospheric
paths. In general, LOWTRAN 3B predicts higher transmittance values in the
8-14 um region and lower transmittance values in the 3-5 ym regions than
LOWTRAN 3, due solely to the water vapor continuum additions. LOWTRAN 3A
was more optimistic in the 10 uym region than LOWTRAN 3B, due to the omission

15, Ruppersberg, G.H., Schellhase, R., and Schuster, M. (1975) Calculations
about the transmittance window of clouds and fog at about 10, 5 um wave-
lengths, Atmos. Environ, 9:723-730,
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of the foreign gas contribution to the atienuation coefficient, Also for similar sea
level visibilitiea, the Maritime Aerosol Model predicts more attenuation generally
throughout the infrared portion of the spectrum and legs attenuation at wavelengths
shorter than 0. 55 um, than the continental Aerosol Models.

It must be remembered that the results presented here reflect our best esti-
mates at this time based on the limited experimental regults currently available,

As more accurate measurements become available, further refinements and .
improvements will be made to the LOWTRAN 3B computer code,

Work is proceeding to investigate further the effects of molecular line
absorption in the window regions, and also the effect of high relative humidities
on the size distribution of aerosols and their attenuation properties.

The next publication of LOWTRAN will include a provision for calculating
atmospheric and earth spectral background signatures,
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Appendix A

LOPTRAN 3A Supplement

The following modification applies to the 8-14 um region:
1. Replace line A 185 by the following:

EH(5, 1) = 1. 6T*D*PPW*EXP(6. 58*(T5~1, 0)) A 185A
2. Delete lines A 486 through A 496 and insert:
TX(5) = (4.18 + 5578, 0*EXP(-7. 8TE-3*V))*W(5) A 486*

The above supplement received only a limited distribution and is now superceded
by LOWTRAN 3B.
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Appendix B

LOWTRAN 3 Errata Sheet No. 3

The errata sheet (No. 3) for the LOWTRAN 3 report (Selby and McClateheyl)
is given in this section. So far as the running of the computer code is concerned,
the following comments may be useful with respect to the significance of the
errata presented here,

Errata numbers.2, 8, 9, 10, 12, 15, 17, 24 are important for the general
running of tue LOWTRAN 3 (and LOWTRAN 3B) computer codes, without using the
MODEL = 7 option (see pages 27 and 33 of Selby and McClgtcheyl).

Errata numbers 20 through 23 are important in certair cases when the
MODEL = 7 ootion is used (that is, when the reader is inputting his own radiosonde
data). In the latter case, if the reader is inserting more than 20 altitude levels
in the first 5 km of the atmosphere, he is advised to change the dimension of the
quantity AHZ2(20) correspondingly, in line A 3%, If in doubt, change the dimen-
sion to AHZ2(34),

Errata numbers 7, 11, 13, 14, 16 are for bookkeeping purposes and will not
affect the running of the program.

i. Selby, J.E.A,, and McClatchey, R.A. (1875) Atmospheric Trmsmlttance

From 0. 25 to 28.5 um: Computer Code LO J, 2 -0255,
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ATMOSPHERIC TRANSMITTANCE FROM
0.25 TO 28.5 ym: COMPUTER CODE LOWTRAN 3

TR

X J.E.A. Selby
3 R.A. McClatchey

Errata Sheet No. 3 (April 1976) .

1. Pages 38 through 44 - The transmittance curves presented in Figures 5
through 11 should be terminated at 0.25 ym. The figures show an increase in
transmittance due to ozone absorption as the wavelength approaches 0.2 um.
However, absorption due to oxygen becomes important below 0.25 um and has
not baen taken into account in LOWTRAN 3.

TR TR € R

: 2, Page 69 - Line number A 126B and A 134* should read as follows:

IF (VIS.GT.0.0) PRINT 417, VIS A 1268
IF (VIS. LZ.0.0. AND .IHAZE.GT.O) PRINT 416, IHAZE,HZ(IHAZE) A 134

3. Page 11 (para. 2) - Delete ' and 4 ym' from the end of the first line.
Note that the 4 um water vapor continuum was omitted in the fixst edition of
LOWTRAN 3. The 4 pm H0 continuum is included in the second edition of LOWTRAN 3
(LOWTRAN 3A) together with an updated version of the 10 um Hy0 continuum.
4. Page 12 - The left hand scale of Figure 1 should read:

ATTENUATION COEFFICIENT (km'l)
5. Page 14 - The 2nd Equation should read: N(z) = alg + b(z)

6. Page 42 - The transmittance curve for 30 km to space was not reproduced
on the upper part of Figure 9.

7. Page 67 - The second A 81*line should be dsleted and line numbers A 80 '3
through A 82 should read A 80", A 81 and A 82%. .
8. Page 70 - Line numbers A 203 and A 204 should read ac follows: li
170 IF (IFIND.EQ.1) GO TO 9 A 203 :

P =-1 A 204 Co

9., Page 72 - 'ines following A 309 and A 318 were omitted and should read:

i e

IF (TX3.LT.0.0) TX3 = TX(9) A 309+
IF (H2.LT.HMIN) J2 = N A 318+

Ry, N

10. Page 75 - Line A 517 should preceed line A 518. i

11. Page 76 - Line A 586A can be deleted. 5
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12. Page 77 - Line A 591A should read:

; AB = 1.0 - SUMA/ (IV2-1V1) A 591A
P -
¥ $ 13. Page 82 -~ The sequence number C 197 for the last line on this page was

f accidently printed at the top of page 83.
3 E 14. Page 83 - Although the card sequence on this page is correct the card
: identification numbers C 240 and C 241 should be interchanged and marked
S with an *,
£ § 15. Page 84 - At the end of format 404 (line number C 262) delete the ,*
K L preceeding the closed parenthesis.

% 16. Page 88 - The first ten lines should be followed by *.

¢ 17. Page 92 - The 12th and 13th cards from the bottom of page 92 should be
# interchanged. The wavenumber identifications for these car.s are 17800 and
: 19400.

18. Page 93 - In the title for Appendix B, LOWTRAN 2 should be changed to
LOWTRAN 3.

-’ij I T T SR ¢
-

19. nge 62 ~ Figure 29 (lower figure); The radiance scale should be multiplied
by 1074,

20. Page 66 -~ Line A 3%; change HZ2(5) to HZ2(6) in the dimensinn statement.

B2t 4 SGabN Ay

21. Page 67 ~ After line A 60 insert the foilowing card:

HZ2(6) = HZ1(6) A 6L+

o i (n

22. Page 70 -~ Lines A 190A and A 190D should read as follows:
IF(M.NE.7 .AND.THAZE.EQ.2) HAZE=HZ2(I) . A 1902

IF(M.NE.7)HAZE=6.389%((H22(1)~HZ1(I)/VIS + RZ1(1)/5.-H22(I)/23.) A 190D

23. Page 70 ~ After line A 191 insert the following card:

IF(MODEL.EQ.7) EH(7,I) = HAZE/AHAZE(1) A 191+

24, Page 80 - Line C 44C should read: Hl = HMIN

25. Page 99 - Replace LOWTRAN 2 by LOWTRAN 3 in the third line of the last
paragraph.

26, Page 48 - The identifications shown in Fig. 15 should be reversed. The 4
solid curve refers to Gebbie et al and the dotted curve to LOWTRAN 3, §
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Appendix C

8-14 um H20 Continuum (Nitrogen Broadening Effects)

As stated in Section 3, one major dilemma in the 8-14 um region is how to
account for the Hzo attenuation due to the effect of both self and foreign gas
broadening and the temperature dependence of both, Because we do not fully

PRSP T

understand molecular line shape theory as it relates to the far wings of absorption
lines, we have to resort to accounting for such effects empirically, Also the

influence of H,0 dimers (or other absorption mechanisms) on the attenuation in
the 8-14 um region is still an open question. k

However, from laboratory measurementsl' 2 it appears that the water vapor
attenuaticn in the 10 um window does follow the expression given in Eq. (1),

From the laboratory measurements of pure water samples at various tem-
peratures, it seems as though we are able to give a fa:rly reliable value to CS at
10. 6 ym and 296 K.

A summary of the 10. 6 um attenuation measurements obtained at Ohio State
University up to the time of writing this paper, was kindly provided by Long2 and
are reproduced in Table C1, together with the experimental conditions.

Unfortunately, the temperature was not precisely recorded for these meas-
urements; the temperatures quoted in Tatle C1 are estimated values.

1, Burch, D.E. (1971) Semiannual Technical Report: Investigation of the

Absorption of Infrared Radiation by Atmospheric Gases, Aeronutronic ;
ReporE U-4784, ASTIA (AD 702117). i

2. Long, R.K, (1976) Private Communication,
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Table C1, Hs0O Continuum Nitrogen Broadening Coefficient at 10, 6 yum. Water
vapor absorption coefticients for the P(20) 00°1-10°0 line of the CO5 laser
(A = 10,581 um) measured in the laboratory at the Ohio State University, Tem-

£ perature is approximately 296 K for all measurements, Broadening gas was
B 80-20 nitrpgen oxygen for McCoy measurements and 100 nitrogen for the remain-
1 der (Long“)
5
i Partial Total Absorption
E; Pressure Pressure Coefficient
£ (torr) (torr) km* Date Notes
;
: 5.1 760 0.038 4/74 Mills
3 5, 64 760 0,022-0, 034%* 4/74 Mills
E 6.0 760 0.06-0, 083% 11/74 Thomas
E 7.6 760 0. 07 4/74 Mills
3 8.5 700 0.086 5/68 McCoyt
! 9,17 760 0.111 4/74 Mills
10. 760 0.118 4/74 Mills
10.3 700 0,121-0. 125# 5/68 McCoy?
3 10.8 - : 700 0.129 5/68 McCoyt
3 11.7 . 760 0.16-0.179 11/74 Thomas
. 12 760 0.186-0,191 4/74 Mills
; 12,8 700 0.198 5/68 McCoy
14 700 0. 205 5/68 McCoy'
4 14 760 0.2186 4/74 Mills
k ' 14.3 760 0. 231 8/74 Mills
- 15 760 0.216-0, 240* 1 1474 Thomas
: ‘ 15 760 0.241-0, 260 T 4/74 Mills
¢ 15.1 760 0.245 10/74 Mills
- 15.3 700 0.220 5/68 McCoyt
15.6 760 0.256 4/74 Mills

Notes: * One water sample, two backgrounds,

#Two separate measurements,

1 Measurements over temperature range 22 to 26°C.

An attempt is8 made here to determine the quantity CN/CS (from 296 K) the

above measurements assuming a fixed value for Cg, '3
The attenuation coefficient k(y) can be written as follows in the same notation
given in Sections 2 and 3, that is
*i

< é

kv) = Cglv) pHZO + (E—;) Py - pH20 w (c1) i

where Pa.o and PT refer to the partial pressure of water vapor and the total
preasure (atm), Cs(r\ is given ln g'm'1 1 at 296 K, and w is of the quan-
tity of water vapor in the path in gm cm'z km'l. If we assume a value for CS'
we can rewrite Eq., (C1) in terms of the quantity CN/CS as follows:

el

cm? atm”
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C
N [xw . _
ES—- [ng szo]/(PT pH20) . (C2)

Alternatively Eq. (C2) can be rewritten as:

P
Cn_ | k& Hy0 (3)
Cs | s"Pu,0 Pr - PHy0

The quantity w can be calculated from pHgO and temperature T using Eq. (b)
of the footnote in Section 3.3, that is

W = by o (4.56 X 10°5T) gm em™%/km (C4)
2

where szo and T are given in atm and degrees Kelvin respectively.

Using the experimental measurements of k at 10, 6 um given in Table C1,
values 02f CN/C g were calculated using Eq. (C3), It was assumed that CS = 7.48
gm cm™ - atm at 296 K based on Eq. (C3), which is consistent with reported
measurements. 1,3,2 The results were plotted against water vapor partial pres-
sure Py o for convenience and are shown in Figure Cl. The large gpread in the
data poiats will be apparent, with values of CN /CS ranging from -0.004 to 0.01.
The horizontal bars shown in Figure Cl1 indicate the spread in a given data point
due to the uncertainty in temperature. Note that the temperature affects both CS
(through Eq. (3)) and w (through Eq. (C4)).

A least square fit through the data points given in Figure C1 yields a value of
approximately 0. 002 for the ratio CN/CS, which forms the basis for the value
used in LOWTRAN 3B.

3. Roberts, R.E,, Selby, J.E.A., and Biberman, L.M. (1976) Infrared con-
tinuum absorption by atmospheric water vapor in the 8~12 um window
Applied Optics 14:2085.
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Appendix D

Aerosol Refractive Index Data

The refractive indices of the different types of aerosols used in the models
are a function of the comparison of the aerosols. The basic for choosing the dif-
ferent aerosol types used for the models is discussed by Shettle and Fenn, 1 along
with a discuasion of the different sources of the refractive index data which is
presented in Table D1,

1, Shettle, E.P., and Fenn, R. W. (1876) Models of the atmospheric aerosols

and their optical properties in AGARD Conference Proceedings No, 183,

OFtlcal Progaﬁation in the Atmosphere, pages 2.1-2.16, presented at the
ectromagnetic Wave Propagation Panel Symposium, Lyngby, Denmark,

27-31 October 1975 (NTIS N76-298817).
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able D1. Refractive Indices for the Different Aerosol Types

RAVELENGTH H20-SOLBLE DUST-LIKE soov CCEANIC
«2000 1.%30 =-7,00E=02 1.530 =-7.00€-02 1,500 =.350 14429 =2.87E-05
«2500 1.530 -3, 00E~02 1530 -3.,00E-02 1.620 =450 1.404 =1.4SE-06
«3000 1.530 -8,00€-02 1,530 -8.00E-03 1,740 =470 14395 =5,83€-07
« 3372 1.530 -5,00E-03 1,530 =8,C0E=-03 1,750 =.470 1.392 ~-1,20€E-07
«4000 1.530 -5,00E-03 1.530 -8.,00E-03 1.750 <~ 460 1,385 =9,90E-09
<4880 1.530 -5,00E-02 1,530 =-8,N0E-03 1,750 =4450 . 14382 -6.41€E-09
«5145 1.530 =-5.,00E-03 1,530 -8,00€~03 1,750 <=4 450 1. 381 -3,70€=-09
«5500 1.530 -6.00E-03 1,530 -8.,00E-03 1.750 =o440 1,381 -4,2€E~0¢
«6328 1.530 -6,00E-023 1.530 -8.00E-03 1,757 =430 1,377 -1.,62E-08
«6943 1.530 -7,.,00€~02 1,530 -8,00E-03 1.750 =.430 1.376 =5.04E=08
« 8600 1,520 =1,20E=-02 1.520 -8,00€-03 1.750 ~.430 1.272 =-1.,0¢E=-08 .
1.0600 1.520 -1.70€E-0¢2 1.520 ~8.00E-03 1750 ~Jb440 1.3€7 -6,01€E=-05
1.3000 1.510 -2.,00E-0¢ 1,460 -8,00€-03 1.760 =, 450 1,365 =1,41E-04
1.53€0 1,510 «2,30E=-02 1,400 =-8,00E~03 1770 =460 1,389 =2, L2E~04
1.68000 1.460 -1.70E-0¢ 4.330 -8.00E-03 1,790 ~-.480 14351 =3.11E-04
2.0000 1.420 -8.00E~-0Q2 1,260 -8,00€-03 1,800 <=.490 14347 =1.,07E-03 h
2.2500 1,420 -1,00E-02 1.220 -9,00E~03 1,810 =,500 1,334 -8,50E=-04
20,5000 1.420 -1,20E-02 1,180 -9,00€-03 1.820 =,510 1.309 -2.39€-03
2.7000 1.400 -5.50E-02 1.180 -1.30€-02 1.830 =.520 1,249 -1.56E-902
3.0000 1.420 -2,20E-02 1.160 -1,20€E-02 1840 =.540 1.439 =,197
3.2000 1.430 -8,00E-02 1,220 =-1,00E-02 1,860 =,540 1,481 -6, €9%-y2
: 3.3923 1.430 =-7.00€-03 1.260 -1.,30E~-02 1.879 =.550 1.439 -1,51€-02
~ 3.5000 1,450 -5.00E-02 1.280 -1.10€-02 1,881 <.560 14423 =7,17E-03
- 3.7500 1.452 =4,00E-03 1,270 ~1,10E=02 1.900 <=.570 1,38 =-2,90E-23
' 4.0000 1.455 -5.00E-03 1.260 -1.,20E-02 1.920 =.580 1.288 -3,€G€E=-02
% 4.5000 1.460 =-1.30E-02 1.260 =1.40€-02 1.940 =.590 1,377 -9,97E-03
5.0000 1.450 -1.20E-0¢ 1.250 -1.,60€=-02 1.970 =-,600 1.266 =-9.57E-03
) 5.5000 1,440 -1, 80E-D2 1.220 -2,10€-02 1,990 =.610 1.323 ~9,31€E~03
6.0000 1.430 -2.30E-0¢ 1,150 -3.70E-02 2.020 <=.620 1,306 -7.9€€=-02
i 6.,2000 1.430 -2.70E-02 1,140 ~-3.,90E~02 2.030 =-.625 1.431 -A,91E-02
{ €.5000 1.450 ~-3,30E=-02 1,130 -4,20€-02 2,040 =~.630 16274 =2, 94E-D2
i T.2000 1.400 -7.00E-02 1.400 -5.50E-02 2.060 =,650 1,343 -2.49E-02 E
' 7.9000 1,200 -6.S0E-C? 1,150 -4.00€E-02 2,120 -.670 1,324 =2.79E-02 A
8.2000 1.010 =-,100 . 1.130 =7.40E-02 2.130 =-.680 1,324 =3,08E=-02 E
8.5000 1,300 =.215 1.300 -9,00€E-02 2.150 =.690 1.336 -3.,3€E-02
8.7000 2.400 =-.290 1.400 =-.100 2.160 =.690 1.366 =3.56E£-02
9.0000 20560 '0370 1.700 ’01“0 20’.70 -0700 1.373 '3.65E‘02
9,2000 2,200 =~.420 1,720 =-,150. 2.180 =,700 1.356 -3, 74E-02
9.5000 1.950 =-.160 1,730 =-.162 2.190 ~-.710 1.139 =3.€8E-02
9.8000 1.870 =9.50E-02 1.740 =-,162 2.200 =715 1.324 -3,88E-02
10,0000 1.82% -3.00E=-N2 1.750 ~-.162 2.210 =720 1,310 =4, 06E=C2 :
10,5910 1.750 =-7.00F=02 1.620 =-.120 2220 =.730 1.271 =5.,22E-02 ;
11.0000 1.7 <G, 00E=*" 1.620 =.105 2.230 -.730 1,246 ~7,31E-02 =
11.5000 1.573 -4 70E~- 1.590 =-.100 24240 -, 740 1,227 =.10% o
: 12,5000 L. 839 =5, 30E-D? 1,510 =-9,00€~02 2.270 =.750 1.2¢0 -.1€0 ¢ ;3
k 1300000 1570 ‘50505‘0& 1.4L470 -.100 20250 -.760 1.221 o223 "é
: 14.0000 1,500 =7+ 30F=0¢2 1,520 =-8.50€-02 2,310 =775 1,267 =.271 g
- 14,8000 1440 =0100 1,570 =.100 24330 =.790 1,207 ~.292 g
; 15,0000 1.420 ~.20C 1.570 =.100 2.330 =.790 1,321 =-.297 . {?
3 16.4000 1,750 ~.160 1.600 =.100 2.360 ~-.810 1.407 -,331 1
: 17.2000 2.080 =,240 1.630 =-.100 2.380 =-.820 1,467 =.301 |3
1500000 1.980 -.100 1.640 '0115 20‘003 ‘0525 1'525 =s341 i
18.5000 1.850 ~.170 1.640 <~-.120 2.410 ~.830 1.536 ~=.239
20.0000 2.120 -,220 1,680 ~.220 2.450 =.850 1.5€0 ~o.324
21,3000 2.060 =-,230 1,770 =~.280 2.460 - .860 1,568 -.218
. 22.5000 2,000 =-.2040 1,007 =,280 2.480 =-.870 1.579 =.11¢€ N
: 25,0000 1.880 =.2%0 197 -o 240 2.510 =.89 1.596 =-.313 1
3 27,9000 1,840 =200 1.9y =320 2.540 =.910 1.612 =,320 Pl
3 30,0000 1.820 =-.300 1.800 =.420 2.5790 ~=.930 1.614 -.320 P
' K 35.0000 1.920 -.400 1,900 =-.500 2.639 =.970 1,597 ~-.383 i
: 40,0000 1.860 =+510 24100 -.600 2.690 -1,000 1,582 =.561 %
\ 50 3
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Appendix E

List of Program and Data

A listing of the Fortran program LOWTRAN 3B (1976) is given in Table E1
together with the two subroutines POINT and ANGL. The input data for the pro-
gram is given in Table E2,

The subroutine POINT has a twofold purpose. When the subroutine is called
for a given altitude X, it is used to determine the mean refractive index (1) in the
layer between X and the level above, TX(9); and (2) in the layer between X and the
level below, YN, In addition, an interpolation scheme is used to determine the
effective absorber amounts per km at altitude X for each abscrber. When the
parameter IP is set equal to zero, only the mean refractive index above and below :
altitude X is determined from POINT.

The subroutine ANGL is used solely for the purpose of calculating the initial
zenith angle (eo or ANGL) by an iterative scheme taking into account refraction, 4
given (1) the initial and final altitudes of the path (H1 and H2 respectively) and the
angle subtended at the earth's center (8 or BETA) by the trajectory; or (2) the
initial altitude and tangent height (H1 and HMIN respectively). Examples of two
typical problems involving the use of the subroutine ANGL are given in Sections
6.6 and 6, 7.

The changes necessary to update LOWTRAN 2 to LOWTRAN 3 are indicated
by the symbols *, +, A, B, C etc. against the card sequence numbers in Table E1,
The = symbol indicates that the following card (in LOWTRAN 2) has been removed.
The recent water vapor continuum changes are also characterized by an '"*" pre-
ceeding the card identification.

in i
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Table E1. Listing of LOWTRAN 3B Computer Code

¢ PROERAM LT3IBCINPUToOUTPUT,TAPES=INPUT,TAPEG20UTPUT)

A 1+
i COMMON ZU34%) oPL7 o380 o FUT7 3340 s EHUL0,3L) o WH (7 30) s MyNLREWCH,CO4PI A 2"
!’ DIMENSION WOU(T434)oNZLU3I4L)4HTR(E) JAHAZE (34) 4, AHZ2(20) A k| ]
£ DIMENSION TRUET) oFULETIZFORIETY JHZ(2) o TRILD) yVH L0V, WIL0V,ELLD) A o
: DIMENSYON C1(2580)y C201575), C3(B40), CL133), CS5(15), CB(102) A SA
b DIMENSION VXUIAS) CT(LS),C7A(45) A S8
;} FIAIZEXP (18,9766=1k, 9595%A=2,43882%A%A) %) A sC
| NPATA HZUL)/75H23 KMZ,HZI2)/5H 5 KM/ A 6
;’:f CHROR LA TNANCR IR R NRSS RN SR L EBU NN B SISV S ILOLIEB LSRR R RIS LBRIBRP L3323 2000 A 7 .
;i C LONTRAN ITI B JUNE 76 A T+
3 c PROCRAM LOWNTRAN3 CALCULATES THE TRANSMITTANCE OF THE ATMOSPHERE A 8
: (o FROM 350 CM-1 TO 40000 CM=1 (0,25 TO 28,57 MICRONS) ATV 20 CHN-i A 9
C SPECTRAL RESOLUTION ON A LINEAR WAVENUMBER SCALE. A 10
3 e REFFACTION AND EARTH CURVATURE EFFECTS ARE INCLUODED, ATHMOSPHERE A 11 -
g Cc IS LAYERED IN ONE KM, INTERVALS BETWEEN C AND 25 KMey 5 KMo INTER~ A 12
y c VALS TO SO KMey A THENTY KMo INTERVAL TO 70 KMoy AND 4 THIRTY KMa A 13
3 c INTERVAL TO 4100 KMe A 14
c.!liiiillillilll.Il..l‘l!ll.l‘!ll..l'.!‘.l!"l""‘.‘!lllll.ll‘!l!‘l..! A 15
: € PROGRAM ACTIVATED 8Y SUBMISSION OF FOUR CARD SEQUENCE AS FOULLOWS A 16
3 c A 17
c CARD 1 MODEL s THAZE S ITYPEJLEN9 JP, IMa ML M24 M3, ML,RO FORMAT(L10I3,F10.3) A 118¢
c CARD 2 Hi o H24ANGLE yRANGE 4BETA,LVIS FORMAT(TFi0. ) A 19
C CARD 3 Vi, V2, OV FORMAT(7F10.3) A 20
3 c CARD & IXxy FORMAT(I D) A 21
i C A 22
3 c MODEL=1 424 3+4¢5 OR & SELECTS ONE OF THE FOLLOWING MODZL ATMOSPHERE A 23
1 c TROPICALMIDLATITUDE: SUMMERMIDLATITUDE WINTER,SUBARCTIC SUMM:IR, A 2«
L C SUBARCTIC WINTER.OR THE 1962 U,Se STANDARD RESPECTIVELY A 25
: c MODEL=0 FOR HORIZ. PATH WHEN METEOROL. DATA USEDSIINSTZAD OF CARD 2 A 26%
1 ¢ READ M1,PIMB)4TIDEG C) ,DEW PT,TENPIDEG C) 4ZREL HUMIDITY,H20 DINSITY A 27+
- n (GMyM=3) 403 DENSITYI(GM,M~3), VIS{KM), RANGEI(KM) WITH FORMAT 423, A 28+
% C- MCDEL=7 WHEN NEW MODEL ATMOSPHERE(E.Ge RADICSONDE LATA) USED. A 29A
3 c OATA CARDS ARE READ IN BETWEEN CARDOS 1 ANO 2, AND SHOULD CONTAIN: A 298
; c ALTITUDE (KM, )y PRESSURE ¢TEMP JOEW PTLTEMP ,RELs HUMIDITY,H20 QENSITY, A 29C
: n 03 CENSITY,AEROSOL NO. DENSITY(CM=3) ACCORDING TO FORMAT 429. A 290
[ NOTE THAT EITHER DEW PT, TEMP,OR REL. HUMIDITY CAN BE USED. A 29t
c A 29F
G M1 oM2,M3, ARE USED TO CHANGE TEMP,H20, AND 03 ALTITUD:E PROFILZS, A 296
c A 30
c IF IHA7E=0 NO AEROSOL SCATTERING IS COMPUTED A 3
¢ IHAZE =1 IF AEROSOL ATTENUATION REQUIREOD (THIS IS USED IN A 3 3
e CONJUNCTION WITH VISUAL RANGE{(SEE CARD 2)) A 33 1
¢ THA2E = 4 OR 2 ALSO GIVE AERQOSOL ATTENUATION FOR 23KM AND 5KM VIS, A 3& . E
c HAZE MODFLS RESPECTIVELY IF VIS =20 ON CARD 2 A 35
c INA2E = 7 FOR OTHER AEROSOL MODELS (E+Ge MARITIME ECY) WHICH A 35+
c ARE READ INTO PROGRAM A 35+ ;
c A 36 k
G ITYFE=142 OR 3 INDICATES THE TYPE OF ATMOSPHERIC PATH A 37 M K
c ITVYPExI,VERTICAL OR SLANT PATH TO SPACE A 38 §
c ITYPEx2,VERTICAL OR SLANT PATH BETWEEN TWO ALTITUDES A 39 i
C ITVYPEx1, CORRESPONDS TO A HORIZONTAL (CONSTANY PRESSURE) PATH A a0 i
C A o} ;
C H1=0BSERVER ALTITUDE (Xi* A 2 .
c H2=SOURCE ALTITUDE (KM) A 43 1
c ANGLE= ZENITH ANGLE AT Hi (DEGREES) A b i
c RANGE=PATH LENGTH (KM} A 5 5
[ BETA=EAQTH CENTRE ANGLE A 46 i
] VIS = JISUAL RANGE AT SEA LEVEL (KM) A w7 i
c (IF ITYYPEx=4 READ HLI AND RANGEYIF ITYPE=3 READ H1 AND ANGLE, A 8 {
52 1
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Table El. Listing of LOWTRAN 3B Computer Code (Cont. )
IF ITYPE=2 READ H1i ANO THO OTHER PARAMETERS E«Ges H2 AND ANGLZ)

Vi=INITIAL FREQUENCY (WAVENUMBER CM=1 ) INTEGER VALUE
V2aFINAL FREQUENCYEWAVENUMBER CHM~1 ) INTEGER VALUE

Ovs FREQUENCY INTERVALS AT WHICH TRANSMITTANCE IS PRINTED
NOTE: OV MUST BE A MULTIPLE OF 5 CM-%

IXYs0 TO END DATA 431 FOR NEW V1,V¥2,0V ONLY + =2 TO CONTINUE OATA
IXY=3 FOR NEW CARD 2 ONLY =4 FOR NEW CARD 1 ONLY.

(X IR YT IR TS YIS Tttt TR Y YIRS ITT I YIS IR ST Y Y YY)

IXYs0
READ (S,400) IATH,NL
READ (S,0601) (HZL(X), Ingi,NL)
REAC (S,L01) (H22(X)41n1,5)
HZ2(6)=2H21 (6)
DO 1 J=1,3
K2=2%)
Kisk2-1
00 1 I=i.NL
READ (54402) ZUIVoCPUK I)oT(KeIigWHIKIDoNOIK,I)KuKL,K2)
REAC (5,434) CUXIID4C7(ID)CTALT) o Inl,bb)
REAC (%o403) (TRUT)oFNLII,FO(I), I=1,67)
READ (S,404) (CL(IV,1=31,2580)
REAL (S,404) (C2(IV,1=1,1575)
READ (S,4006) (C3(I9,I21,%540)
REAL (S,405) (CLUIIY,1I=21,133)
REAC (R,4604) (CS(I,Ix1,15)
READ (S,405) (CA(IV,I=1,402)
PI=Z,0*ASINIL,0)
CAsfY/180.
IP=Q
CONTINIE
RE=¢371.23
IFIND=O
JP NE 0 SUPRESS PRINT
READ HO0MNOEL o THAZE s ITYPEGLENJJP o IM, ML N24 N3, ML, RO
PRINTLOO yMODEL ¢ IHAZE s ITYPEJLENWJP o IMg ML N2 M3y ML, RO
PRINT 6424y MODEL +THA2E,ITYPE,LEN
M=aMQDEL
IF (M.EQ.1) RE=6378,79
IF (M.EQ.b) RE=£3%6.91
IF (M,EQ.5) RE=63%56,91
IF(IMAZEJNEL7Y GO TO 250
READ &34, (VXLI)4CPHLIN 4CTALIL) 4I=1, kb))
FRINT 4384 CUXET)ZCTUL) ,CTALT) o Ind l4)
IHA2E=1 '
IF(ROLGT.0)RE=RO
IF(VeEQe 74 ANDo INNE.0) GO YO &
IFLIXY.GTe3) GO TO B
IF (MODEL,EQ.O) GO TO &
REAT 406, M1,H2,ANGLE sRANGE,BETA,VIS
PRINT 425, Hi H2,ANGLUERANGE 4BETA,LVIS
X1=RE+HY
IF (ITYPE.EN.3) GO TO 560
IF (ITYPELEG.1) GO TO &
X2= FE+H2
IF (RANGE.EQe8.) GO TO &
PRINT 428y HL,HZ AMGLE RANGE ,BETA,VIS
IF (H2.EQa 0. ANDJANGLEWNE.CO) GO TO 3
ANGLEZACOS (0 S (H2=H1)* (1, +X2/X1)/7RANGE=RANGE/X1))/CA
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Table E1. Listing of LOWTRAN 3B Computer Code (Count.)

|
k : G0 10?7 A 9
{ 3 XZuSORT{ (X1 /RANGE+RANGE/ X1¢2,0*COS(ANGLE®CA) }*X1®RANGE) A 98
iy ' H2u)X2=RE A 99
3 GO T0 7 A 100
J [N CONTINUE A 101%
i IFIMLLLELD) NL=Y A 102¢
v 00 S4LO Kag ML A 103A
; AHAZE(X)=0,0 A 1338
b IFC(PLENV QI READ 4294HL yPL7o8) oy THP L OPyRHyHH (7 oK) o WO (74 K)o VIS4 RANGE A 103C
; TFIMENL O PRINT &30, HioP(P41) ¢ THP DP o RHoMH (7 oK) ¢HO(74K) JVIS,RANGE A 1030
f TF (M GToOIREAD %299Z(K)oP(7oK) ,THP,OP yRHyHH{7,K) s HO(7 K)o AHAZELK) A 103E
f JRIFINEZIRy +1,0E=6)+4, A 103F
£ IF (P.EQ.0) 2 (K) =HY A 1036
‘ TF (2IK) o GE2%500) Ju{Z(K)=25,0)/5.0426, A 103H
E IF(ZIK)aGEL50.0) Ju(ZKI=50.0)/20,0¢31, A 1031
£ TF(2(K) o GEo70.0) Jm(Z(XK)=70.0) /30,0432, A 1034
b IF(JeGT433) J=33 A 103k
; FACR2(K)=FLOAT tJ=19 A 103L
{ IF(JeLT426) GO TO SO0 A L103M
v FACE(2(K)=5,0"FLCAT(J=26)=25.) /5, A 163N
; IF(JeGFe31) FACR(2EK)~5040)/20, A 2030
3 TF(JeGES32) FACRLZIK)=704.0) 730, A 103P
¥ IF(FACsGTe1.0) FAC®1,0 A 1030
: 500 Lzl A 103R
3 T(7:K)2THP+273,15 A 103S
4 IFINLGT 0 TU7,K)I2T ML, JI* (T (ML, L)/T(ML,J) ) **FAC A 1037
; TT=273.15/77(7,K) A 103V
L IF (RHeLE,0e0) TT=273.1571(273.15+0P) A 103V
3 IFMHI7yK) o LEe D 0) HHITPLK)2F(TT) A L03M
) IF(N2,GT 0 WHEP L KIZWH TM2 3 J) ® (HHINZ L) ZHHIM2 4 J) ) **FAC A 103X
S IF(RHeGTo0s0) WHI74K) 20, O1*RH*HH{74K) A 103Y
2R | IFIN3,GT,0INOU7 ,KIZHO (M3 4 J) * LWOUM3,L) /HO(M3,J)) **FAC A 1032
‘ IF(2(K)eGE+5.01G0 TO 520 A 104A
TF (AHATE (K)o EQe 04 0 AHZ2(K)=HZ2 (J) *LHZ2(L) /HZ2(J) ) **FAC A 1048
€20 IF(AHAZE(K) EQ0.0VAHAZE (K) =HZL(J)*CHZL (L) /HZL (I) V**FAC A 104C
IF(FCNELLEQ.0)1GO TO 8 A 1040
: IF (KL EQ. 1) PRINT &bt A 104E
; PRINT 6239 2(K) oPU79K) yTHPLOPoRHy WHI7 4 K) WO (7 4K ) o AHA ZE (K) A 104F
' S40  CONVINUE A 1046
IM=0 A 104H
NL= ML A 1341
My=0 A 104J
¥2=( A 104K
“3ag A touL
¢ NOTE THAT Z(I) MAY NOT CORRESPOND TO THE VALUES GIVEN FOR STANDARD A 104M
c MODEL ATMOSPHERES A 106N
60 10 300 A 1040
560 IF (RANGE<GTa040) GO TO 580 A 104P
IF (H2,6T¢0.0,AND,H2.LT,H1) IFIND=1 A 1040
GO 10 8 A 104R
580  ITYPE=2 A 104S
RETA=ACOSE0,53* (RANGE® RANGE/ (X1%X2) = X2/X1=X1/X2) ) /CA A 1067
5 IF {(BETALEQ.0.) GO TO & A 105 )
IF INO=t A 196 b
BETaCA¥BETA A 107 :
X2=FE SN2 A 108 N
ANGLE=ATANIX2*SIN(BET) /(X2*COS(BET)I=X1})/CA A 109 F
RANGE=X24SIN(RET) /SINIANGLE®CA) A 110 ]
BET:RETA A 111 i
. GO 10 8 A 112
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. 6 RANGE=(X2/X1)%%2(SINC(ANGLE®CA)) ¥*2 A 113
; IF (RANGE,GEL0,0) RANGE=YX1® (SQRT (RANGE) ~ABS(COS(ANGLE*CA))) A 11k
B ¥ 4 IF (ANGLELNE(0¢sORANGLE NT4180.) BET=ASIN(RANGE*SINCANGLE®CA)/X2) A 115
g i IF (ANGLELLT,04) ANGLE=ANGLE4PI A 116
N IF (RANGE,LT.0,0) RANGE=<RANGE A 117
; BET=RET/CA A 118
Foo PRINT 428, Hi,H2  ANGLE yRANGE 4BET,VIS A 119
et - s CONTINUE A 1204
[ SUMA®O, A 2208
- N TFUINY,LE,2) READ 406,V1,V2,0V A 1214
) IFCIXY,LE«2)PRINT R0G6 4Viov2,0V A 122*
4 IF (ITYPE,EQed1) PRINT 407, Hi,RANGE A 123
4 IF (ITYPELEQ.2) PRINT 408, Hi,H2,ANGLE I 128
k . IF (ITYPELEQe3) PRINT &39, Hi,ANGLE L 125
Fo IF (MONFLLEQ.Q) M= A 1264
% IF (VISeGTe0e0) PRINT &17,VIS A 1268
L IT(VISeLTa 28 ANDVIS.GTe040) PRINT 442 A 126C
3 i IF (M.EO0.1) PRINT 41D, M , A 127
: : IF (MeS0e2) PRINT Mil, M A 128
12 § IF (M.S0.3) PRINT 442, M A 129
i IF (MeE04k) PRINT 443, M A 130
i IF (MeEQ.S) PRINT 415, M A 13t
: IF (M.EQ.6) PRINT hik, M A 132
N IF (1HA2E.EQeDe) PRINT 426 A 133
; TF (VISeLE«0o0sANDeIHAZE GTo0) PRINT UL16&yIHAZEZHZ (IHAZE) A 13u*
; AVN=10000,7V1 A 135
: ALAN=L1000,/V2 A 136
L PRINT 418y Vi,V2,00, ALAMAVH A L3?
S AVHRO (SE=U® (VL4V2) A 138
] 4 i AVN=AVN® AYN A 139
S I CORT7,L54o 45Q*AVN A 140
A CH=A3,L87=0,3473%AYN a 141
; IF (IFIND.EQ.1) GO TO 1% A 142
. ) IF tIFIND,EQel) CALL ANGL (H1,H2,ANGLE,BETA4LEN,ML) A tu3e
{ IFINO=N A ibb A
: IF (JP.EQe0) PRINT 427 A 4Gt i
! IF (ITYPELEN.1) GO TO 15 A 147 1
i 00 11 K=1,410 A 148 ;
¢ VHIR)Y =0, " A 149
‘ 11 CONTINUE A 150 1
] PETARN, D ~ A 151~ :
: SR=0.0 A 153 i
L. 1P=Q A 154~ ;
! Cess®s  NOWN DEFINE CONSTANT PRESSURE PATH QUANTITES EM(1-3) A 156 K
\ YsCR¥ANGLE A 157 4
; SPHI=SINIY)Y A 158 .
: Ri= (RE+HM1) $SPHI A 1%9 i
P IF (H1.GT,2(NL)) GO TO 13 A 160 8
GO T0 15 A 151 7
: 13 Xa(RE47(NL))/(RE#HL) A 162 i
: IF (SPHIL.GT.X) GO YO 14 A 163 3
: HL=7 (NL) A 164 i
Jis L A 165 :
SPHI=SPHI/X A 166 :
ANGLE=180.0~ASINISPHT) /CA A 167 )
: ’ Ris (RE+HL) #SPHT ' A 168 .
i G0 10 15 A 172 \
: L} HMIN=R{=RE A1t ;
; FRINT 433, HMIN A 172
; GO 10 9% A 173
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Table E1. Listing of LOWTRAN 3B Computer Code (Cont. )

18 N0 417 TsiyNL A ATk
PS=F(M,1)/71013.0 AL7S5
TSei?3.,48/7T(MN D) A 178A
IFINLGT 0o ANDOMeLT 7 )TS8273.15/T ML, 1) A 4768
A=xPSeTS A 17?7
PTEPSHSART(TS) A LT78
Du0, 4 *WH M, I) A 179
IF(M2:GToa 0o ANDaMelLY, 7)) 01001'ﬂH(N2.Ii A 180¢
EH(1,1)2D%PT*%(,9 A L181*
EH(Z2,I)axXepTER), 78 A 182°*
EH(h,I)=0,8%PY X i A 183
FPHz2h S6E=52D*273,15/TS A 184"
TS12(296,0/7273,15) *7S A 185A
EHIS, T)=D*PPHREXP(6,008%(Ti1=1,0))+0,002°0¢(PS~PPNH) ®A 1858
FH(!UQT)‘O‘(PP“tOoIZ‘(PS-FPN))‘EXP(Bo56‘(751‘1.0)i *A 1085C
EHLE,T) =X W A 186
HAZE=HZ41(1) A 187
TF(VL,ENe?) HAZE=AHAZELY) A 1488°%
IF(2¢TI)eGEs%<0) GO TO 150 A 189+
IF (P NToTe ANDL IHAZEL,EQe2) HAZESHZ2(I) A 190A
IF(THAZELEQ: 2o AND M EQe7 )HAZE=AHZ 2(I) A 1908
IF(VIS.LEQe0.0) GO TO 150 A 190C
IF(MeNEL?) HAZEz6,389% ((HZ2CI)=HZA(ID)I/VIS+HZLI(I) /5.~H22(T)/23,) A 1490
IF (M(NE.7) GO TO 150 A 199E
HAZE=6,389% ((AHZ2(Y)=ARAZFLTIV ) /VISSAHAZELTI) /5.0~-AH22(1)/723.0) A 190F

150 IF(HAZ7E.LT.0.0) HAZE=(,.0 1906
EH(7,IV=HAZE/HZ1 (1) 191A
IF(MONFLLEQ7) EH(?,T)=HAZE/ZAHAZE (1) 1918
EH(C,TI=U6,6667+WOtH, I) 192
TFUIR,GTo 0. ANDaMeLTs?) EH{8, 1) 266,667 *NOIMN3,I) 1493A
EH(3,IVEH(S,I)*PT30D,4 1938
EH(S,I)=21,0 133C
PEFR] JNE-6*(CO*X*1013.0/7273,15=-PPH*CN) A 193D

IF {I.EQ.NL) GO TO 16
IF (MODELoEQeU.ANDLILCE(1) GO TO 26
T2=T(M,I+1)
H2=HH (M, I+1)
IF(M1.G7,.0)T22T(M1eI+1)
IF(M2.GT DIH2=WH (M2,1+1)
FPH2l 56E=6%W2°T2
EH(C,I) 2N, 5*(REF41,0E-6*(CO*P (M, I+4)/T2=PPH*CH)})
16 IF (I.FQNL) EH(9,T)=0.
IF (H1.GEeZ2(IM) Ji=I
TFCIFINDLEQe0eORCJIP.EQLD) PRINT &304y 142010, lEH(K,I)yK=1,10),REF
EH(CS II=EH(9,1)+3.2 i
17 CONTINUE :
170 IF (IFIND.EQ.1) GO TO 9

194
1954
1358
195C
1950
195E
196*
197+
198%
199
200

201

202

203

*
PP PLPP PP LD ERIBLELPPRPEPPIPLEPEPEPPRPRPBIPPD

IPa=q 204
1Kk=0 205
Xi=Hg 206
CALL POINT (HL,YNoNyNPL,TXy IP) ’ 207
"JiaN _ ‘ 208 ]
TX4=TX(9) 219 :
00 18 K=1,10 A 210 i

18 E(K)I=TX(K)
IF (ITYPE,EQ.1) GO TO 26
IF (ITYPELEN3) H2=Z(NL)
IF (ANGLE«GT.90.0) GO YO 28
19 IF (ANGLEQGTe90.04ANP NPL1,GTo0) JisJjieg
J2=M

211
212
213 :
24k ‘
215
216
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3 Tabie E1. Listing of LOWTRAN 3B Computer Code (Cont. )
. ' IF (ITYPE.EQ.3) GO TO 20

A 217
i CALL POINT (H2,YNyWyNP,TX,IP) A 218
] : J2=N A 219
{ : IF (NP,GT,.0) J2=J2~1 A 220
; : 29 00 21 K=1410 spA 2214
3 IF (KeEQ49) GO TO 21 *A 2218
3 ; EH (K, J1) =E(K) A 222
3 : . IF (ITYPELEQs3) GN TO 21 A 223
“ ' EH(KeJ2#10 =TX(K) A 224
' 21 CONTINUE A 225
9 IF (J1.EQeJ2) TX1=TX14YN=EH(9,J1) A 226
0 ce¥s*  NOW DEFINE VERTICAL PATH QUANTITIES VH(1-8} A 227
3 IF (JP.EQ.T) PRINT 4210 A 228s
B - DO 25 I=J1,J2 A 229
5 X1=241) A 230
e X2=2(I+1) A 231
E IF (I1.E0.J1) Xi=Hi A 232
v IF (1.E0.J2) X2=W2 A 233
DZ=X2-X1 A 234
_ IF (1.EQeNL) 0Z=Z(T)=2(I=1) A 235
: DS=0? A 236
3 Ces*sx  UpHAFD TRAJECTCRY A 237
3 RX= (RE+X1) 7 (RE+X2) A 238
THETA=ASIN(SPHI) /CA A 239
PHIZASTN(SPHI®*RX) /CA A 240
3 BET=THET A=PHT A 201
S SALFERX*SPHT A 242
3 IF (SPHTI.GT.1.E=100 DS=(RE+X2)*SINIBET*CA) /SPHI A 243
, BETA=RETASRET A 24t
S CST2RETASPH I=ANGLE A 245
o FHI=180e=PHI b 246
. SR=SR+DS A 247
- 00 2b K=1,10 “A 248
' EV=DS*EHIX,I) A 249 ;
IF (I.EQ.NL) GO TO 22 A 250 3
IF (EHIKoI)oEDe0,0.0REHIKyI+1),EQ0.0) GO TO 23 A 251 3
IF (EH(K,I)EQ.EHIK,I41)) GO TO 24 A 252 S
EVEDS*{EHEIK, IV =EHIR, T44) ) Z/ALOGIEH (Ko TD/ZEH (Ko I41)) A 253 g
G0 TO 2& : A 254 4
22 IF (EHIK,I).EQs0,0% GO TO 23 A 255 :
IF (EM(K,I=1),.EQe0.0) GO TO 23 A 256 '
IF (EHIK,I) JEQ.EHIR,I~1)) GO TO 24 A 257 t
. EVZEV/ALOG LEHIK, I=1) FEH(K,I)) A 258 3
60 TO 24 A 259 i
23 EV=0, A 260 j
24 VHIK)=VH (K) +EV A 261 1
IF (JP.EGe0) PRINT 435, ToX1y(VHIL) oL =1,8) yPSI4PHI,BETA,THETA,SR A 262+ 3
. IF (I.GE.NL) GO TO 25 A 263 '
IF (T41,EQeJ2) EHI(S,I+1)=YN A 264 !
IF (1.€0.01) EH(9,I)=TX1 A 265 :
ANSEH(9, T41) 7EH (3, T) A 266 -
SPHI=SPHI*RX/RN A 267 4
IF (SALP.GELRN) SPHI=SALP A 268 4
2% CONTINUE A 269 :
GO YO 47 A 270 ;
C**%s HORIZONTAL PATH A 277 q
26 0C 27 K=1410 *A 272 i
WIK)=RANGE®EH(K 1) A 273+ :
IF (MODELGTo0) W(K)=PANGE®*TX(K) A 274* i
27 CONTINIE A 275 i
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: 6O YO &9 A 276
4 28 CONTINUE A 277
g Cesss  OCMNWARD TRAJECTORY A 278
‘ x2=0 A 279
1 IF (NP1, EQe1) Ji=Ji-i A 280
P J2=Jy141 A 284
i Jedied A 283
b YN12YN A 282
E IF (H2.GTe2(J1#1),0R.H1, EQe H2) GO TO 30 A 284
: IF (NPleEQe1eAND HZ GESZ(J141)) GO TO 30 A 285 !
£ CALL POINT (H2oYNJNyNP2,TXs1IP) A 286
i 00 29 K=1410 *A 287
¢ 29 WIKI=TX (KD ‘A 288
E - T™X2=2TX(9) A 289 -
£ YN2 YN A 290
P IF (H24LT,H1) H=H2 A 291
3 J2=N A 292
¢ IF (J1.EQe J2) TX2TXL+YN2-EHIT.N) A 293
i IF (H2.GToH1) TX1=YX2 A 296
‘ IF (J1,EQe J2oAND HZoL ToH1) YNL=TX2 A 295
E 30 AD=(RE+H1) *SPHI®YNL A 296
b IF (H2,GES.H1) YN2=¥N1 A 297
£ 00 31 Txi,J4 A 298
: HMIN=AD/ENI9,T) ~RE A 299
IF (1.E0.J1) HMIN=RO0/YN1-RE A 300
JMIN=T A 301
' IF (HMINGLE.Z(I+1)% GO TO 32 A 302
4 31 CONTINUE A 303
i 32 X=HVIN A 304
i IF (HMINGLE.0) GO TO 3& A 305
SRk CALL SOINT (Xy YNyNeNPTX+IP? A 306
3 JHIMN A 307
! TX32TX(9) : A 308 §
‘ IF (J2.EQeN.OReJ14EQe N} TX3=YN2+TX(3) ~EH(I4N) A 309 i
IF(TX3.LTe 04 0) TXI2TX ) A 309+ >
IF 2J1.EQeN.AND.H2eGEWHL) GC TO 33 A 310
HMIN=AN/TX3=RE A 311
IF (ARS(X~HMIN)+GTV+0,0008) GO TO 32 A 312
33 IF (J1.EQNJAND H2eGEH1) YN1=TX3 A 313 9
IF CJ2.E0.NoANDs JL1oNE(J2) YN2=TX3 A 316 ]
IF (H2.GE.H1) TX2=TX3 A 315 [
IF (H2,GE.HL) J2=N A 316 '3
IF (H2.GEeH1o0RsH24LT HMIN) H=HMIN A 317 E
BRINT 436, HMIN A 318 3
IF (M2, LToHMINY J2=N A 318¢ P
IF (H2.LToHMIN) PRINT 440, HMIN A 319 !
GO TO 5 : A 320 ;
36 PRINT 436, HMIN A 321 v
1IF (H2,LT,H1) GO TO 35 A 322 )
IF (ITYPE.EQe3.0RH24GELHL) PRINT 437 A 323 :
ITYFE=2 A 324 i
TX22FH(9,1) ~ A 325 i
JMIR=0 A 326 :
J2=1 A 327
H2=0,0 A 326
Hx0,90 A 329
ce#ne  NOW DEFINE VERTICAL PATH QUANTITIES VH(1-8) A 336
35 IF (JP.EQ.0} PRINT 420 A 3332
00 40 I=ioNL : A 332
NDNES | A 333
58
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Tabfe El. Listing of LOWTRAN 3B Computer Code (Cont.)

REFsEH(9,J)

IF (IQEQQIV REF=YNL

IF 'IoEQoiﬁlNB-KE.EQ.l’ REF=YN2

IF 'J.Eo.o‘ oANDK2,EQe0) REF=TX2

IF (INEo1) Xi=2Z2(J*1)

X2=2¢(JN)

IF 1JeFQeJ2.ANDK2,EQ40) X2=H

IF (JoEQqJNIN-KND.KZ.EQ.i) X2=HMIN
HMa(RE+XA1) *SPHIFR

IF (HM.GTaZ(J) ANDLHMGT ¢ X2) X2=HM

RX= (RE+X1) /7 (RE+X%2)

0S=Xi-YX \

ALP=90/0
THET=ASIN(S™HMIY/CA

SALP=RX*SPHT \

IF (I S(X2~ R"'oGT.loﬂE‘S' ALP=ASIN(SALPI/CA
EET!le-TNET

I1F 159"1037.1005'19’ DS=(RE+X2)I*SIN(BET*CA)/SPHI
THEYA=180,0~THEY

PETA=RFTA+BETY

FSI:EETI-ILP-RNGL‘*lﬁﬁoﬂ

R*'R#OS .

ﬂ 39 K=1,10

J*EN(K.J‘

JSEH(K.JQI)

(JeEQeJ1) BI=E(X)

:IF (JeENeJ2eANDH2 oL T HL o ANDH2,6T 000 AJzH{¥)
TF (JeEQaJMINGAND W24, GEL, HL) AJ=TX(K)
hF (JeEQo JMINGAND ABS (H2wHM) LTo140E~-5) AJ=TX(K)
IF (K2,EQ.0) GO TO 36

IF (J.EQsJ2) AJ=HIK)

IF (JeFQeIMIN) AU=TX(K)

IF (AJsENe0,0.0R,BJeECCG.") GO TO 38

IF (AJ,EQ.84) GO TO 37
EV=0S*(AJ=8J)/7ALOGLAJ/BD)

GO 10 39

EV=DS*AJ

GO Y0 39

EVag,n

VHIK)=VHIK)+EY

IF (JPL,EQe0) PRINT 435y JeXL1,{VHIL) L =1,8)PSIALP,BETA,THETA,SR
IF (JeEQeJ2,AND H2.GEHL) GO TO 45

IF (JeEQeIJMINCANDK2.€EQed) GO TO &3

IF (JeNEel) RN=REFFEH(9,J-1)

IF (JeEQeJ241) RN=REF/TX2

IF (JeEQeJ2.,AND,K2,EQe0) RN=REF/YN2

IF (JeEQs (UMING1L) ,AND (K2,EQe1) RN=REF /TX3
IF (SALPGE.RN) RN=1.0

SPHI=SALP®RN

IF (JeEQeJ2.ANDK2,EQ.0) GO TO &1
CONTINUE

IF (HMINGLE.0) GO TO &7

IF (LEN.EQ.0) PRINT L38
IF (LEN.EQ,0) GO TO &7

IF (LEN.FQ.1) PRINT 42129

K2=4

X1i=xx2

IF (ARS(X1=-HMIN) (LE.0,001) ;0 TO &7
H=HPMIN

JeJiel

59

Y P P P I ISP NS ST E TSR R TSRS R AR SR RSB B BB B BB BB B B B I B BB B B b B b b B b P b b JF B J

334
335
336
337
338
339
300
361
1Y
343
Jbtb
Ju5
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
3565
366
387
368
369
370
371
372
373
J7L"
375
376
3r7
376
379
380
381
382
383
384
385
3386
387
388
389
390
391
392
333
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Table E1. Listing of LOWTRAN 3B Computer Code (Cont.)

£
¢ IF (NP2.EQed) J=J=i A 396
g e=BETA A 395
£ PH=2$80,0-ASIN(SPHY)/CA A 396
b TS=SR A 397
3 PSEPST A 398
£ 0O 42 Wx1,10 sA 399
E' w2 € (K)=yH(K) . A 400
$ GO 10 75 A 401
B IR PETA=2,*RETA-8 A 02
E PS122,*PST~-PS A 403
3 SR=Z, *SR-TS A 404
¥ ¢ LONG PATH TAKEN A 05
. FHI=PH 2 406
: DO kb K=1410 A 407
= Lh  VHIK) 22, *PH(K) =€ (K) A 408
- GO 10 47 A 409
us DO 46 K31,10 A w1t
u6 VHK) 22, 0% VHIK) A 11
RETA=2,0*BETA A 412
SRe e 0%SR A 413
IF (H2.EQeHL) GO TO &7 A oid
PN=TX1/YNL A 415
SPHI=SIN(ANGLE*CA) A 616
IF (SPHILLT.RN) SPMI=SPHI/RN A b7
GO TO 19 A 418
uy CONTINUE A L19
IF(ANGLEGGT¢90.0) PRINT 406,HM A 419¢
00 48 K=1,10 *A 420
WK =VHIK) A w21
ue CON TINUE A 22 4
49 WRITE (6,419) A 423 b
, WRITE(6,421) (H(IVeT=1,8),M(10) A W24
, I=1 A #25 ;
; L=t A 426 z
; IVi2V1/5.0 A w27 ]
; IV22V2/5.4499 A 428 3
i IVia5¥IVL A 629 ;
: TV22531V2 A 430 3
: IF (IVi,LT.350) IVi=350 A 438 3
! IF (IV2,GT.%0000) TV2=50000 A 432 4
10v=OV : A 436 E
IV=IVi-10V A 435
ICOUNT=0 A 436 g
Ceves  BEGINING OF TRANSMITTANCE CALCULATIONS A 437 :
€0 IV=IVINY A 438a E
IF(JP.NEL0) GO TO 52 A 4388 }
IF (ICOUNT,EQe0) GO TO 51 A 439 .
IF (ICNUNT,€Q.59) GO TO 51 A bal f
60 10 52 A b4l ;
L 71 ICOUNT=0 WYY :
PRINT 422 A u3 1
52 £C S3 K314 _ Al i
TX(K)=0,0 A 4uS 3
IF (KeLTob) TXK)I=L,0 A bub ]
53 CONT INUF A a7 ‘
ICOUNT=ICOUNT+1 A 448
SUM20,0 A 449
V=I\ A 450
I=(1v-350) /7541 A 451

60
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Table El, Listing of LOWTRAN 3B Computer Code (Cont. ) i
IFLIVLLT670) GO TO 72 *A 452 2
IF(IV.LE.3000) GO VO 6% A 453 1
Cesssswss  MOLECULAR SCATTFRING A 456 4
C629,80TE=20%1V*%4,0117) A 85 3
TXCE) 2CE*HE) A 456 X
2 SUM=SUM+ TX(6) A 457 k.
‘ IF (IV.LT,9200) GO TO 72 A 458 A
IF C(IV.LT.13000) GO TO 69 A 459 a
1 Cessssvss Uy OZONE A 460 2
: X IF (IV,LE.23400) GO TO S& A 461 3
- ] IF (IV.GE.27500) GO TO 55 A 462 3
3 GO TO 87 A 463 3
1 ; 54 XX=20040 A bbb b
4 XI=(V=13000,0)/XX+1,0 A 465 3
. (BES) A 466 5
P L2=53 A 467 1
E GO T0 56 A 468 3
E 55 XX2800, 0 A 469 :
1 XI=(V=27500,0)/XX+57, 1 A 20 4
g L1=¢7 A 471 3
3 L2=102 A 472 »
: 56 00 57 N=Li,L2 A 473 ;
: i XD=XT=FLOAT (N) A W76 E
3 } IF (XD) 59,58,57 Y 4 3
X : 5?7 CONTYINUE [N ) ‘
{ 1. TXCE) =N (B *CBINY A L77 k
L | GO 10 €0 A 478 ;

3 E 59 TX(8)=CB(N) +XD%(CHIN) ~C8 (N=1)) A 479
F : TX(8)=H(B) *TX(8) A 480 E
S 60  SUNzSUMTK(8) A 481 i
; 1 i IFCIV.GT414500)1G0 YO 87 A 482* ;
. ; - GO TO 69 A 483 §
g ] Covesnsss  YATER VAPOR CONTINUUM 10 MICRON REGION CA LBk 3
g‘ ; 61 IF(IV.GT,1350) GO YO 62 : *A 485 :
. | TXCE)=( ol 845578, 0%EXP (=7, 8TE=3%V)) *H (5) ®A 486 3
i GO TO 66 A 487 7
; 62 IFCIV.LT.2350) GO YO €8 A 488 3
: . Cessvusss  JATER VAPOR CONTINUUM 4 MICRON REGION *A 489 i
% XIz(V=2350,0)/750.,0¢1,% *A 490 ‘i
; NH=XI+1,001 A 494 :

! XH=XT=FLOAT (NH) A 492

: TX(5)=CS (NH) *A 493

; 6l TXCE)=TX(5) ¢ XH® (CSINH)=CS INH=1)) A 496

o 65 TX(5)=TX(5) *W(10) %A 497

‘ 66 SUMZSUMETX(S) *A 438

‘ IF(IVeLE135040ReIV,GT2740) GO TO 72 *A 499

) Ce®ssvrss  NITROGEN CONTINUUM A 500

H 68 TF (IV.LT,2080) GO TO 72 A S01

: Ke=1-346 A 502

; TX (L) 200 (KN ) *M (&) A 503

: SUM=SUMSTX (&) A 504

: . 60 YO 72 A 505

: Cesssnass  JATER VAPOUR A 506

. €9 TF (IVeLTe128006AND,IV,GE«9875) GO TO 70 A 507

: TIF (IVeLE, 14520, AND.IV.GE«13400) GO TO 74 A 508

' G0 10 76 A 509

: 70 1=1=-138 A 510

60 10 72 A 511

£ 1=1-25% A 512

72 Ki=1 A 513

61
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Table El, Listing of LOWTRAN 3B Computer Code (Cont.)

IF (H{1).LTe1.0€E-20) GO TO 76 514

NS1=ALOG10(N(11)4CLLT) 515
IF (NS14LT.=2,3468) GO TO 76 516

IF (NS1,GT,3,5682) GO TO0 75 517

IF (NS1.GT42,0) K1=40 518

00 73 K=K1,67 519

IF (NSL1,LE.FW(K)) GO TO 7& 520

73 CONTINUE s21

T TX(LI=TRIK) $(TRUK=1)=TREK) )% (FHIK) =WS 1) ZCFN (K) ~FW (K=1)) 522

GO YO 76 523 ,

7§ TX(1)=0,0 524

76  CONTINUE 525

Cesssxnes  UNIFORMLY MINED GASES 526

X 17 (IVeLTo8060,ANDeIV4GE.500) GO VO 77 527

- IF (IVeLT413190,AND,IV.GT,12970) GO TO 78 528 .

3 GO 10 82 529
2 7 J=1-30 530
z Ge 10 7° 531
78 Js(IV=-1:050) /541516 532
79  (F1%i2),LT.1,0E~20) GO TO 83 533

Kex: 534

538

o WS2:AL0G10 (HL2)) #C21)
- IF (WS2,LTe=2,3468) GO TO 83
IF (WS2,GT+3,5682) GO YO 82
IF (NS24GTe2+8) Xiz40
00 80 K=K1,67
IF (NS2.LE.FH(K)) GO TO 81
e0 CONTINUE
8t TXC2)=TRUK) + {TRIK=1) =TRIK} I * (CFH(KI=WS2) /(FNIK)=FH(K=1))
G0 710 83

536
537
538
539
540
Sel
542
543

)’bb»bb))bhb’bbb)bb>>>’DDD’D)PD”’DPDD”DD)’PDP’DD’D’D’D,D’.

82 TX(2)=0. 0 Seb
83 CONTINUE 545 -
Cossssa8%  (20NE 546
IF (IVeLT.575,0R.IV.GT,3270) GO TO 87 546+
L=1=45 547
Ki=z4 Sud
IF (N(3) LT.1,0E-20) GO TO 87 549
HS3I=ALOG10 (W (3))+C3(L) 311
IF CHS3 LY.~1.6778% GO TO 87 551
IF (WS34GT43,9345) GO TO 86 552 E
TF INS3,GT.1.5) Ki=36 553 (3
N0 84 K=K1,67 554 i
IF (HS3.LELFOLK)) GO YO 85 555 3
ab CONYINUE 556= s
85 XL =TRIX) = (TRIK)=TR(K=1)) * (FOUKI=NS 3 Z(FO(K)=FO(K=1)) 558 i
GO 10 A7 559 ;
86 7!'3,3000 1Y) "5,
.} 4 CONTINUE 561 i
Cesssnens AERCSOL EXTINCTION 562 \ 3
ALAM=L, NENG /Y 563A :
XX20.0 5638 ;
YY=0,0 563C !
Cessvamus TEMPORARY FOG GORRECTION FOR VIS BELOMW 2 KN, 5630 i
IF(VISeGTe0o0AND YIS LTe2¢0) XNX=23,91/VIS 563¢E )
IF(IHAZELEQe0s0RXXaGTa040) GO TO 90 5644 ;
CC 88 N=i,4b 565% ;
XO=AL AM<VX (N) 566% I
IF(XD)AG,86,88 567+ :
8h CONTINUE S68A :
a9 AXZ(CTINI=CT7IN=1))*XD/LVXIN) =VXIN=1)) +C7(N) 5688 !
62 %
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90

i
92

a3
9%

95

9%

97

as

100
400
601
42
43
Lol
405
Loé
wo?

Loe
409

LI AL
byl

Table E1, Listing of LOWTRAN 3B Computer Code (Cont.)

YY=(CPTA(N)=CTAIN=19) * XD/ (VX (NI =VX(N=L)}) 4C7ALN)

TX(10)=YYRULT)

TX(?)=XX*NLT)

SUMsSUM+TX(T)

TXLE) =SUM

D0 94 K=k, 10

IF (TX(K)eEQe0,0) CO TO 92

IF (TX(K)oLEQO,1) GO TO 9%

IF (TX(K)GT,20,) GO TQ 92

TX(K) 2EXPL-TXIK))

GO T0O 94 -

TXIK) =1 o 0=TX(K)+0,S*TNIKI*TXIK)

GO TO 94

TX(KY¥=1,0

GO 10 94

TX(X)=0,

CONTINUE

TXU10) = ,0~-TX(L0)

TXASI=TXAL)*TX(2)*TX(INI*TX(D)

IF (IVeGEL13000) TX{(X)=TX(8)

IFCIPLEQe3) TXLI) =TX(TY

AR=1,-TX19)

IF(IV.EQeTIV1isORsIV.EQ,IV2) AB=z0,5%AB

SUMA=SUMA+ARYDY

IF(JP.ENO) WRITE(6,623) IV, ALAMaTX{9) o (TXIK) K=1,7),TX(10),SUNA
IF (IV.GE.IV2) GO TO 95

GO T0 S0

REAC 400, IXY

AB=1,0-SUMA/FLOAT(IV2-IV1)

PRINT L2Lo IVioIV2eSUMA,AB

FRIMNY 4LOO0,TXY

IF(IXY.EQe0) GN TO 100

GO TO (9642,97,98,100),IXY

REAC L"6, Vi,Vv2,0V

AvN=10000./V4

ALAM=1N000,/V2

FRINT 418, VA,V2,0¥,ALAM,AVNW

SUME=0,.0

GO TO 49

IF (NODEL.EN.O) GO TO 200

GO YO 30N

READ LONoMODEL s THATE ¢ ITYPEGLENJPyIMy ML, M2, M3, ML, RO

PRINT LOOoMODEL ¢ IHAZE ITYPE yLENGJP, IM MLy M2y M3 4 ML 4RO

GO TO 200

sTOR

FORMAT(410XI3,F10., 3)

FORMAT (8E10,3) .

FCRIMAT (FBel192(E10,34F6.1,2E10,3))

FOCRFMAT (LUF6a392FTal))

FORMAT (15F5.2)

FORMAT (829,2)

FORMAT (7F10.3)

FORNMATY (/7/710Xs28H HORTZONTAL PATH, ALTITUDE =,F7,3911H KM RANGE =,
LF7.3,3H KM)

FORMPAT (/7730X4s50H SLANT PATH BETWEEN ALTITUDES Hi AND H2 WHERE Hi
12yF1a3+8H KM H2 =2,F743918H KM, ZENITH ANGLE =24,F7,3,8H CZGREES)
FORMAT (/710%X¢39H SLANT PATH TO SPACE FROM ALTITUDE H1 =,F7.3,19H
1KM, 7ENITH ANGLE =4F7,3,8H OEGREES)

FORMAT (/720Xy468H MODEL ATMOSPHERE +I1411H = TROPICAL)

FORMAT (/720Xo18H MODEL ATMOSPHERE +11424H = MIOLATITUDE SUMNMER)

63
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566C
$680
$69¢
sre
571
572+
573
57«
575
576
577
578
879
580
581
582
583
583+
584
545
586A
5868
586C
5860
587+
588
589
590
591A
5918
$31C
5910
591E
592
593
594
535
596+
597
5984
5988
598C
54980
S94E
599*
600"
601
602
6933
604
605
606
637
618
609
610
611
612
613
614
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412
613
b1k
15
Lie
Li?
his

Lig

420

24
422

L23
L2bu

189
L2t
n27
L28

429
L30

Table E1. Listing of LOWTRAN 3B Computer Code (Cont.)

FORVAT (/20Xo18H MODEL ATMOSPHERE ,I1,24H = MIOLATITUDE WINTER)
FORMAT (/20X,418H MODEL ATMOSPHERE 4I1,24H = SUB-ARCTIC SUMMER )
FORMAT (/20X,418H MODEL ATMOSPHERE ,I1,21H = 1962 US STANDARD )
FORMAT (/20X418H MODEL ATMOSPHERE oI1,21H = SUB~ARCTIC WINTER )
FORVAT (/20X,18H HAZE MODEL »I1,3H = (AS,13H VISUAL RANGE)
FORMAT (/25X®HAZE MOOEL =%,FS5,1,* KN VISUAL RANGE AT SEA LEVIL®)
FORIAT (/10X,24H FREQUENCY RANGE Viz oF7¢1,13H CM-1 TQ V23 (FTe1,i

L14H Cheq FOR OV 2,F6,1+9H CM=1  (4F6s24* = *,F5,2,% MICRONS }*)
FORVAT (/10X,38H UALENTVENT SEA LEVEL ABSORBEP AMOUNTS//21X11IHWAT

1ER VAPQUR c02 €TC, OZONE  NITROGEN (CONT) H20 (CONT}

2  MOL SCAY AEROSOL OZONE (U=¥) /24Xy THGM CM=2,10X,2HKM,1

30X 6HATHM TMoL0X o 2HRM g IX, THGM CM=2 410X 4 2HKN 13X o 2HKM 10 X46HATN CM)
FORMAT (1M1,///10X%e® VERTICAL PROFILES *,64X,*PSI®,6X,*PHI*,6X,*

LRETA% ,4X,*THETA  RANGE®)

FORVAT(/710%,8H W(i-8)= BE(14a3)/T0XsELL43/)

IFORMAT (1H1,710X,32H FREQ WAVELENGTH TOTAL H20+SX4HC02+45X46
AGLHOZONE "2 CONT %20 CONT MOL SCAT AEROSOL AEROCSOL INTEGRATED
2 741%41%H4 CHel MICRONS,8ULXSHTRANS? +4X,20H ABS ABSORPTION )

FCRVAT (10XoI6¢10F9.4,4F12.2)

FORMAY (* INTEGRATED ABSORPTION FIUM¥,i5,% TO%,IS % CM=1 =%,F10.2,
1%, A ERAGE TRANSMITVTANCE =%4F6aoh) :

FONMAT (L0X,7F10,.3)

FURFAT (/720X,*AEROSOL SCATTERING NOT CUMPUTEOD,IHAZE=2(®)

FORPAT (1HL,/77/710%X420H “ ORIZONTAL PROFILES/)

FORPAT (MX," H1=.'F’.3"KHQH2=.'F7U3"KH'ANGLEz"F’.‘.O.GEOHO RANG
L1E 3% ,F7,2s"KMyBETA=# 4 FB,5+*3VIS=®,Fb. 1)

FORPAT(IFL10.302F5.142E1043,2F10. )

FORMAT(LOX 4 *INPUT METEOROLOGICAL DATAS®/4CX %Z=%4F7,29* KNy P=¥,F?
102" "BgT"gFS.l,‘ C. DEMW PtQTE"P.pF5.1). C. REL HU"IDITY",FS.L’
2% %, H20 DENSITY=®*,1PEG,2,% GM M=-3%/10X,* OZONE DENSITY=*,E9,2,* G
3M=3y VISUAL RANGE=®*,0PFEe1¢® KM QANGE=*,F10e3,* KM * )

FORMATI(L(F6,2¢92F7.5))

FORMAY (* STARTING PARAMETERS HL AND ANGLE HAVE BEEN REDEFINEDIMi=
1 *4Fl0.3,*ANGLE =%¢F10.6)

FORMAT (% TRAJECTORY MISSES EARTHS ATMOSPHERE. CLOSEST DISTANCE OF
1 APPROACH IS*oF10,241X%y/ 41X, *END OF CALCULATION®)

FORMAT (10X,ILsF6e%y12(EL0,3))

FORMAT (I5.F701+8E1063,4F9 04,FT,1)

FORVAT (* HMIN = 3,F10.3)

FORKAT (* PATH INTERSECTS EARTH - PATH CHANGED TO TYPE 2 WITH H2 =
1 0,0 KM%Y

FORFAT (* CHOICE OF TWO PATHS FOR THIS CASE ~-SHORTEST PATH TAKEN.
1 FOR LCONGER PATH SET LEN=1.*)

FORFAT (* CHOICE OF THNO PATHS FOR THIS CASE =~LONGEST PATH TAKEN,

4 FOR SHORT PATH SEVT LEN = 0 ™)

FORMAT (* K2 WMAS SEVT LESS THAN HMIN AND HAS BEEN RESET EQUAL TO
1 HMIN J.Ee H2 = %4F10,3)

FCRMAT(*® MODEL ATMOSPHERE NOe T%47 bXo%Z (XKMI*,3X,*P (MB)*,uX,

1 *T (C) NEW PT YRH H20(GMeM~3) 03(GM.M=3) NO. DEN.*)

FORPAT(¥ FOG CONDITIONS MAY EXIST AT SEA LEVEL FOR THIS VISUAL RA
INGE¥,/4* IF SO THEN ASSUME THE TRANSMITTANCE DUE TO FOG IS GIVEN
2AY THE TRANSMITTANCE AT 0,55 MICRONS*)

END
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620
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623
624
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632*
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634A
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S0l
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646
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69
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Table E1, Listing of LOWTRAN 3B Computer Code (Cont. )

SUBROUTINE POINT (XyYNeNyNPoTX . .P)
COMMON ZU34) oP (74300 3 TU7 4300 sEH(L109IN) o WH(T 9 34) +MyNLoREJCH,COWPI

DIWMENSION TX(14)
(LTI PP VT PP PY I DY YT Y PR Y VYT PP Y Y TR LYY ST YN TYIS STV YT VY Y YN YYIYR LY

e SUBROUTINE POINT COMPUTES THE MEAN REFRATIVE INDEX ABOVE AND BELONW
c A GIVEN ALTITUODE AND INTERPOLATES EXPONENTIALLY TO DETERMINE THE

c EQUIVALENT ABSORBER AMOUNTS AT THMAT ALTITUDE,

c

CRAFBVSLRISLLBIGIRIR RV LSRR SII SIS L AR LBISBII LR LR IILSITIR L2033 3 323000008

(2]

c X IS THE HEIGHT IM QUESTICN
Cc TXtG) AND YN ARE THE MEAN REFRACTIVE INDICES ABOVE AND BELOW X
G N IS THE LEVEL INVEGER CORRESPONOING TO X OR THE LEVEL BELOW X
Cc NP =1 IF X COINCIDES WITH MODEL ATMOSPHERE LEVEL oIF NOT NP =
c TX(1-8) ARE ABSORBER AMOUNTS PER KM AT HEIGHT X
(L IITT YIS ITISL S SNTITSLLLINE ENIT YT R ST P ISR SR ALY RIS YEEY LY YY
N=NL
NP=n
IF(X, LT 0,0) X=2(1)
IF (XeGTLZINL)) GO TO &
DO 1 I=q1 NL
N=T
IF (X=Z2(1I)) 2,4,1
i CONTINUE
2 JeaN
N=N-4
FAC=(X=~Z(N))I/ZC(Z(J2V=2(N})
PX12P (Mo NI (PIM,J2V /P (HyN)) **FAC
TXL2T(MGNI*(TIML,U2) /T (M ,N))*SFAC
WXLaWH (M N) * (HH(M,32) 7HH (Mg N) ) ®*FAC
TXC=CO*PRL/TXL ko S6E-S¥HXNL*TXLI*CH
TX(2)2CO®PIMJ2) 7TOM, J2) =bo SHE=B*WNHIMJ2) *T (M, I2) *CH
TXCL)=COPP AMGNI/ZTIM NI =4 SOE=G*HHIM NI *T(MyN)*CH
TUCE)=0SE-G¥ITX(2)4TX(3)Y
YINZ{,SE-6*(TX(L)+TXL(3))
IF (IP,EQ.0) GO TO 9
N0 3 K=1,10
IF(X,EQ, 9 GO TO 3
TXIK)Y=0.0
IF (EH(K N)EQ-Ce0Y GO TO 3
IF (EH(K,N),GT,1000,0) GO YO 3
TXIK)IZEHIK NI *LEHIR,J2)/Z7EHIKyN)) **FAC

-

3 CONTINUE
GO T0 9
[ NP=y

IF (IP,EQs0) GO TO &
00 ¢ K=i,10

s TX tK)2EH (K4 N)
6 TX(S)=EH (D, NI =,
YN=C,0

Cesass  CARDS B 24 AND S0 THROUGH %9 ARE NO LONGER REQUIRED
IF (NeGTel) YNmEH{IN-1)=1.0

9 CONTINUE
IF (IPeEQe1) PRINT 400¢ XNy NPoTX (), YN, IP, (TXIK) ,K=1,8)
TX(C)=TX(9) +1,
YN=YNRL,
RE TURN

une FORMAT (/4* FROM POINTt HEIGHT =%, FlQsle® KMoN=®,I3,% NPa® ,J2,%4REF
1+ INDEX ABOVE L BELOW X=®,2E11.44%¢IP=%,13,/,12X,*EQUIV., ABSORBER

65
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378
37C
38
39
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Wy
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43
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46
W7
48
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60
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62
63
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Table E1. Listing of LOWTRAN 3B Computer Code (Cont.)

2AMOLNTS PER KM AT X=%,8€10,3)
ENO

SUBROUTINE ANGL (H1,H2,ANGLE,B1,LEN,NL)
COMMON Z2U34) 4P U7331) o TU7 436D sEHEL0y 3D o HH (7 4 34) yMoNL4REJCHCO4PI

DIMENSION TX(10)
LA YTy TP Ty Py Y P Y TY X Y I R PR SRS YR YIS LTS YRS S LY STy YY)

c

c THI¢ SUBROUTINE CALCULATES THE INITIAL ZENITH ANGLE (ANGLE)

c TAKING INTO ACCOUNT REFRACTION EFFECTS GIVEN Hi,H2s ANO BETA

c (WHERE BETA IS THE SARTH CENTRE ANGLE SUBTENDED BY Hi AND H2 ),
c ASSIMING THE REFRACTIVE INDEX TO BE CONSTANT IN A GIVEN LAYER,
¢ FOR GREATER ACCURACY INCREASE THE NUMBER OF LEVELS IN THE MOO:EL
c ATMOSPHERE .

e

He

C THI¢ SUBROUTINE CAM RE REMOVED FROM THE PROGRAM IF NOT REQUIRZD.
c'.'.‘..‘..‘.'..'.‘...“.."'.'.".‘.‘.."..‘.......l'.."'.........".'.
Ir=99
CA=PI/1280,
X1 =RE ML
X2=REHH2
LEN=0,
I1T=0
B1=B4*CA
IF(E1.€0.,0.0) R{=ATOS (x2/X%X1)
TANC=X2*SIN(BL) 7 {X2*COS{RL) =X1)
THET=ATANC(TANG)
IF (THETLLT.0.0) THETaTHET+PY
SPHI=SINITHET)
ANGsTHET/CA
c PRINT 40k, Bi4ANG,TANCG
TN=THET
TMzIN=-0,5%CA
i ANGLE=THETY
FFT=0.
RETA=0,
RET1=0
PET2=0
FeTi=0
FBT =N
FeT=0,0
IF(E1.LE«D.0Q) GO TH 2
¢ PRINT LOO, IT
Y32,%THEY
IF (Y=PIGT,.1.,06-8% GO YO 9
IF (IP.FQ.100) GO TO &
XMIN=X2#COS(BL)=RE
IF (XNIN=-H1) 8,444
2 HRTIA=H?
H2=p1
Hi=HMIN
T ANGLE=N,S5*P]
THE T=ANGLE
SPHI=Y, 0
ANG 2ANGLE/CA
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Tab'e E1, Listing of LOWTRAN 3B Computer Code (Cont, )

S Y T e T

c PRINT &0y B19ANG,SPHI " C w8
Y 1P=100 A C &9
CALL POINT CHL, YN NPTX4IP) cC %0
Ji=N ¢ s1
i TX12TX(Q) c %2
1 s CALL POINT (H2,YNyNyNPyTX,IP) c s3
: IF IWNPeEULL) NxNe-l C 54
< , J2=N cC 55
- N IF (J1.EQeJ2) TXL=TXL4YN-EH(9,J1) c 5
: 6 00 7 J=J4,J2 ¢ S7
X4{=RE+7(J) ¢ S¢
~ X2=RE+47 (J+1) c 59
¢ IF (JeEQeJdi) X1=RE®HL C 60
3 . IF (JeEQeJ2) X2=RE®H2 C 61
g : SALP=X1#SPHI/X2 C 62
3 ; ALPzASINASALP) C o3
: RNZEH(94J+1) /EH(9,0) C ob
; i IF ((J+1),EQeJ2) RN=YN/EH(9,4J) C &%
3 : IF (JoEQeJ1) RN=EHI9,J41)/TX1 C 66
: ] IF ((J*1)4EQeJ2. ANNLJLEQ.J1) RN=YN/TXL c er
BETaTHET=-ALP C &8
i FEx=TAN(ALP) C 69
§ IF (JoNEGJ1) FBaFBSTAN(THET) c 7¢
FRT=FAT+FY c 7
RETA=ASTARET c 72

THL2THET/CA c 73 3
BE3BET/CA C 7

C=ALP/CA c 75 4
: e PRINT 402y JoZ(J)osTHETALP,BETBETA,FBY F8,TH1,8E,C c 76
: IF (X2,EQeRE#H2) C=PI-ALP c 77

IF (SALP.GE+RN) RN=1, cC 78 ]

SPHI=SALP/RN c 79 :

THE T=AS IN(SPHI) c 80 ’

[ > CONTINUE c 81 )

E IF(BL,LE.0,0) GO TO 29 C 81+ ;

, GO 10 26 c 82 K

t * CONTINUE c 63 :

3 TANG==TANG C 8 3

{ ANGLE=PI=-ANGLE cC 85 :

£ TN=ANGLE C 86 3

¢ © ANG2ANGLE/CA c &7 3

i ¢ PRINT 0Ly B1,ANG,TANG c 88 k

P IF (H1.LE.0.0) GO TO 3 c 89 y

¥ 9 CONTINUE c 90 i

3 1P=101 cC 9 i

¢ CALL POINT (HL,YNsNyNPL,TX,1P) c 92 1

H TX41=TXQ) c 93 b

i YNi=YN C 9 kK

H IF (NP1,EQe1) NaN-i c 95 y

{ J2=1 C 96A :

i IF (MeEQ7) J2:ML C 968 ;

: JiaN c 37 .

: JrJisg c 38 5

' IF (H2,GE4H1) GO TD 13 c 99 1

CALL POINT (H2,YNyNyNPyTX,IP) c 100 :

! TX212TX(9) C 101 {

o YN2=YN ¢ 102 ;
! J2=h ¢ 103

8"
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Table E1. Listing of LOWTRAN 3B Computer Code (Cont.)

IF lgt.to.JZl TX2e¥NL ¢TX(Q) =EH (9, J1)
JeJ-

X1sRE+? (Je 1)

N2=REL7 LN

IF (Je®QeJd1) Xi=RESME

IF (JeEQeJ2) X2=2REPH2
SALF=X1*SPHI/X2

HMINsX1 *SPHI-RE

PRINY 8029 JoX10Z13) o SPHI,SALPWHMINGRE
IF (SALP.LE.1,0) GO TO {1

SALF=SPHI

IF (MMINOGT.H2) GO TO 8
ALP=ASINISALP)

THEY=ASINCSPHI)

BET=ALP=THET

BETI=BETL140EY

FasTAN(ALP)Y

IF (JNEeJ1) FB=FR=TAN(THET)

FET1sFATL+FB :

TH1=THET/CA

RE=EET/CA

AL=ALP/CA

PRINY 402y JyX2¢THET G ALP ¢BETL14BET¢BMINJHMIN FBTL, THL93EWAL
IF (X2, EQeRE4H2) C=PI-ALP
REFz2EH(9,4)

IF (JJEQedi) REFaYNY

IF (JeEQeJ2) REF=TX2

IF (J.EQe1) GO TO 12

RN2EH(9,J) 7EHL9,44-1)

IF (JEQeJL) RN=YNL/ZEH(9,4J=1)

IF (JeEQs J241) RN=REF/TX2
IFtJeEQeJ2) RN=REF/ZYN2

IF (SALP.GE.RN) RN=i,
SPHI=SALP®RN

IF (Z4J)LEH2) GO TO 12

GO TO 10

X4=%2

IF (ABRSE2¢J)=H2) LT.10E=-10,ANDeJeNE« 1) GO TO 13
GO T0 14

NEN LS

X1=RE+Z2{J+1)

IF (J.EQeJ1) XizREeHL

IF (JeSQeJ2,ANN JeNES J1) XL=RESH2
x2=REeZtY)

HMIA=X1*SPHI=-RE

IF (HMINLLE,.0.0) GO TQ 2%

HMINEX1® SPHI=RE

IF (HWMINGLE,0.0) GO 7. 25
IF (Z0JVLLT . HMNIN) 60 T 48
PEF2EH(9,J}

1F (J-EQ.J&) REF=YW
SALFaX{®SPHI/X2
ALPEASIN(ISALPY
THET=ASIN(SPHT)
BET=ALP=THET

FRaTAN(ALP) =TAN(THET)
FBT2=FRT24F8
RET2=RET24+BET
BMIM=BETL+BET2
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Table E1. Listing of LOWTRAN 3B Computer Code (Cont.)
. BLEALP/CA C 159
THi=THET/CA C 160
¢ PRINT 402y JoX2¢THET o ALPoBET2 4BEToBMINoHMIN,FBT2, TH14BE4AL C 164
RNSREF/EH{9,J=1) C 162
IF (SALP.GELRN) RN=1,0 C 163
SPH J=SALP*RN C 164
GO TO 13 C 165
17 TX3aYNL4TX(9)=CH (94 J4) C 166
: YNLeTX? C 167
1; IF (ARSIH2=2(J¢1))eLELLeDE~5) YNLRTX(9) C 168
x IF (ABS(NL=2(J41)) oLEs1e0E~%5) YNL12TX(9) C 169
RN=1,0 C 170
GO T0 19 ¢ 17t
= 18 CALL POINT (HMINoYNyNyNP,TX,IP) G 172
: . 1P=102 C 173
é TX32TX(9) C 176
g IF 1JeEQeJLeANDoH24GEWHL) GO TO 17 C 175
Pl IF (JeEQeJLe0ReJeEQAeJ2) TXI=YN2+TX(G) ~EHID,J) C 176
T IF CHMINGGT.H2) TX3eTX(9) C 177
S IF (JoEQeJ1+AND, HMEN.GT4H2) GO TO 17 C 178
ot RN=REF/TX3 C 179
o © IF (SALP.GELRN) RN=1, ¢ 180
' SPHI=SALP#*RN C 181
Ll XaX{¥SPHI=RE C 182
P DIF=ABS (HMIN=X) C 183
Sk HMIN=X C 184
X IF (DIF=140E~5) 19,19,18 C 188
19 X2=2RESHNIN C 186
, ¢ PRINT 403y HMIN,DIF,RN C 187
F THET=ASIN{SPHI) C 188
: IF (RNoEQel,0) FBTIm=TAN(THET) C 1888
: IF (RN,EQs1) GO YO 20 C 189
: ONX=(TX3=1,0)*ALOGL(TX3=4,0)/({REF=1.0))/7(X2=X1) c 190
FETI=~TAN(THET)® (1,0=2:0/0240¢TX3/(X2%DNX))) c 191 j
- 20 BET=0.%*PI=THET ¢ 192 i
- BET2=BET24BEY C 193 -
3 BMINSBEV1¢BET2 C 19 )
| IF (H2,GE.H1) GO ToO 23 C 19% :
PET=BETL42,%BET2 C 196 P
: 0B1=R1-RETL C 197 fy
: 0B23BET~NY C 198 ; ﬂ
21 DE3=ABS (AMIN-B1) C 1994 L
IF(0R3.GT40B1.AND,0B2.,GT.0B1) GO TO 25 C 1998 .
= IF (0B2,6T, DB3) GO VO 22 C 199¢C 1
: ' IF(0B2,GT.084) GO TO 25 ¢ 200 ;
J RETA=RFT ¢ 201 i
FETaFBT142,0%(FBT2+FBTI) ¢ 292 ]
LENsY, c 203 3
. G0 10 26 C 216 P 4
22 BETA=BETL4BET2 C 205 3
FRT=FATL4FBT2+FBTS ¢ 206
: c PRINT L01, J,BETA,FBT,FBT1,FBT2,FAT3, TX1,YNL c 207 :
] GO TO 26 C 298 '
. 23 BETA=2,0%(BETL+BET2) Cc 209 b
: LEN=4, ¢ 210 |
: FBT=2,0% (FBT14+FBT2¢FBTY) c 211 !
1 PRINT 4014, J.BETA.FBT¢(BT1.FBYZ.FBTB.TXi.VNi C 212 b
! IF (H2.EQ.H1) GO TO 26 c 213 b
1P=103 C 214 ;
69 3
i

py il T e e el S e AN i S, s ST A b s AR Lk




T R R T RN ST AT AIARSTEE TR TR G T S TR

HLSEAL s

24

2%

26

28

29

C

une
401
40?2
403
L1

0%
L34 )

Table E1. Listing of LOWTRAN 3B Computer Code (Cont, )

IF (NP1.EQ,. 1) JisJi+d
SPHI=SINIANGLE)

IF (20J140) (LEHE} GO TO 24
RN=TX4/YNY

IF (SPHIGE,RN) RN=y,

SPHI=SPHI/RN

THET=ASIN(SPHI)

GO TC S

CALL POINT (H24YNyWyNPyTX,IP)
TXL=TXL ¢YN=CHIT, J1Y

AN=TX1/YNL

Jez i

IF (SPHI.GE.RN) RN=i,

SPHI=SPHI/RN

TMET=ASINI(SPHI)

G0 YO =

RETA=RETL

LEN=0,

FETsFATY

THE 12ANGLE+ (B1=BETA) 7 (1, +FBT/TANG)
DRETA=RETA/CA

B=RETL1/CA

THizTHFT/CA

PRINY LOUL, BETA,0BETA FBT,TH1,TANG
IF (THET,GTeTNGORJTHET.LT.TH) THET={TN+TMI/2,
TH1sTHET/CA

PRINT W04y BET1,8,F8T,THY
TN1=TN/CA

TML :TM/CA

PRINT 408y TNeTM,TWi, THY
SPHI=SINITHETD)

TANC=TAN(THET)

IT=2IT44

0BE=ABS(RL~-BETA)

DTH=ARS (ANGLE=THETY

IF (IT.EQeifl) THET=0,5* (ANGLESTHET)
IF (IT.EQ.10) GO TO 28 :
IF (DBFGTo1e0E=7,AND«DTHGTo1.,0E~7) GO TO 1
ANGLE=THET/CA

PRIMY LO6, ANGLE,IT

RETLRN

Hi=$2

ANGLE=C/CA

PRINT 406y ANGLELIT

RETLRN

FORPFAT (/7% ITTERATION NUMBER %413,//)
FORMAT (I6,E1647,8F13,.8)
FORMAT (14 Fi0els6S130bolF1044/)

FORPAT (* HMIN=®*,Flh.6,* DIFx¥Eih.64+* PR=%,E16.86)

FORMAT (* TOTAL BETA = % ,E1le6,F15,64%FBT = ®,Eldhe6y® THET =%,F10

1€ *TANG=*,F10.6)

FORMAT (5F12,6)

FORMAT (8X,/4H*,*2ENTITH ANGLE =*,F7.3,* DEGREES 1
1 FRCM SURROUTINE ANGL (ITTYERATION*,I3,*)*)

END
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238
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248
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Table E2. Listing of Data for LOWTRAN 3B

: € 2 E
E 2:830E407 1,245E403 Se3ITLUESD2 2,257E4+02 1.193E402 6+ 992E401 60 JLAE+UL 5.893E+01 ﬁ
: 6,073E401 5.8225401 S.679E+01 5,320E+01 5,589E¢01 5¢159E401 540526401 &a767E4CL 5
By GoSALESD]Y L LEOFE+0L 4,317E+401 3, 636E+01 2,669E¢01 1,935E+401 1, 456E¢01 1,114c¢01 8
E B.AT1E400 7, L3LE4DD 2,239E400 S5¢893E-01 1.551E~01 4o GBUE-02 Lo TT78E~02 5.553E-05 T
4 1.970E-08-0, v
2 13796404 S.034E403 1,84L5E403 647356402 2,454E+02
b Def 1.0137+403 200.0 1.9€ C1 5e6E=05 1,013E+03 294,0 le k€ 31 6e0c=-05
i 1,0 9,040F+02 294,0 1.3E+01 Se6E-05 9.020E+02 290.0 9., 3E40) 6sUE~05
4 Y 24N 8,(505402 288,0 9, TE+QO Se4E~-05 B8.020E¢02 285,0 54 9E+00 640E=-05
. . 3.0 7.150E402 284,90 L. 7TE+OO 5.1E-05 7.100E+02 279.4 3., 3E+03 642E-05
L L 4.0 €,230E402 277,0 24 2E4 Q0 bo7E~05 6,280E+02 2734u 1. 9E%01 6.4E=05
g Se0 S.%9NE+02 270,0 1.5E+00 445E~05 S.540E+02 26740 1. 0E+0Q 6.6E=-05
. 647 4,92054¢02 264,0 8,5€E-01 4¢3E~-05 4, 870E+D02 26149 60 1E~U2 6.96-05
¥ 7.0 4L,320E402 257.0 Le7E€-01 $,1E-05 %.260E+02 255,10 3. 7E-01 7.5i =05
b , 8.0 3,780E+02 250.0 2.5E-01 349E=05 3I,720E+02 24840 2e¢ 1E-03 7:9:.-05
§ 9.0 3.290F+02 244LO 1.2€-01 3.9€E=-05 3c2LO0E+02 242,0 1. 2E-01 8.,6£-05
g 10,0 2.,860E+02 237,0 5. 0E-02 3.9E-05 2,810E¢02 235.0 bebE=N2 94LE=-05
e 11N 2.470F+02 230.9 1.7E-02 LelE-05 2.,43CE+02 229.0 2, 2€E=02 1.1E-04
3 1209 2.130E+02 224.0 64CE-03 4e3E=-05 2,09CE+02 222,0 0. L33 Le2E=0w
12,0 1.,820E+02 217.0 1,8€~03 4o5E=-05 1.790E+02 21¢€.0 1. 8E-03 1.5E-04 -3
3 14,0 1.5605+02 210.0 1., 0E~-02 LeSE=-05 1.530E£¢4G2 216.0 1., BE~03 L1.8E=04 =4
3 1€.0 1,220€+02 204.0 7.6E-0L 4o7TE-0S 1.300E¢02 216,20 7Te 6E~QOw 1¢9€~04 Lo
1 16.0 1,1105+402 197,0 6o UE-0L 4oTE-05 1.110E+402 21643 Be 4E=J 241E-04 =
5 17.0 9,370F+01 195,0 Se6E=-04 649E-05 9,505E+01 21€,.0 Se 6E=04 2e4E=Jb P
3 18,0 7.890F+08 199.0 S« 0E-4 G,0E~05 8,120E¢01 216,0 5S¢ 0E=-04 2e8E~04 £
4 19.0 €,€60FE+QL 203,0 4, 9E-04 {e4E-D% 6+950E+01 21740 o 9E=0+4 3e2E=0Q+ =
2047 FTLESOS+L 20740 Ge5E=04 1.9E~04 5.,95CE+D1 2.8,0 4o SE-O0« 3.4E=04 ]
2140 L.800C+01 211.0 Se 1E-04 244E=-04 5,10CE+01 219,0 S5e 1E-04 3eBE=04 w
2240 4.090F+0L 215.0 Se 1E=0b 248E=04 Le370E+01 22040 Se1E-0+ JeHE=-04 -
23,0 3.500E+01 217.0 Se4E~004 Jo2E~Q4 30760E+01L 222,48 Se 4E~0« JekE=Q4 ™
24,0 I NCO0E+01 219,0 6o 0E=-0L J.4E-04 3,22CE+01 223.0 6o 0E~0 3e2E8=94 ~
25.0 2.570E+01 221.0 6o 7E-04 JoUE=04 2o 77LE+0L 22440 6e 7TE-0+ 3.0E-D4
20,0 1,220E401 232,0 3. 6E=-0L 244E=-04 1,32CE+01 234,0 34 6E=0 2eUE=Qie
26,0 E€,000F+00 24L3,0 1. 1E-04 942E~05 64520E+00 245,0 1e 1€-04 9.,2E-05
LD.0 3,050F400 256,10 Lo JE-0S 4oelE~05 3+33"E+CI 25840 he 3E=J5 Le1E~-0S
LE,0 1,5905+00 26€5.0 1.9€-~0F% 1.3E-05 1.760E+07 270Q,0 1. 9€-05 1.3E-05
S0.0 8,54L0E=01 270,0 64 3E~-06 Le3E-06 9.510E-01 27¢€,0 6e 3E-D0 443E-06
T0e S,790E=-012 219,0 1. 4E~07 8.6E-08 6.710E-02 21540 e 4E=27 8.6£-038
100.0 3,(00E-04 210.0 1, 0E~09 4¢3E~11 3.000E-04 210 0 1e 0E=-39 Le3E~11
99993, R,000F+00 "0, 0.0E~-90 0.0E-00 0.000E 00 19 " 8o 0£-09 0.,0E-02
Nell 1.,818F+03 272.2 34 SE+ 00 6+0E-05 1.C10E+03 26/0w 96 1E440 4.9E~-05
171 8,C73F4032 268.7 2+5E+ 00 SeE~-05 B8,960E+02 282,C be 0E¢+02 S.eE~-05
2.0 7.097E402 265,2 1. "E+0OC 4e9E=-05 7.929E+02 276.0 4o 2E+01 5.6£-05 ;
Je0 €.9385402 261.7 1.,2E+0C 409E~05 7.00CE+02 271.0 264 75400 5.8E£~05 {
440 E,081F¢02 255.7 6eEE-OL 449E=-05 6,16(CE+02 266.0C 1. TE+0Q 640E=05 x ,
Se0 E,I13E402 2L9.7 3. 8E~-01 5+8E=05 S.410E¢02 260, Le 0E+0D B44E-05 S j
€afl Lo627F402 243,7 2.1€-0¢ 6eb€E~05 4L,730E+02 253,10 Se 4E=01 TetE=05 i i
Tel L.O016FE+02 237,.,7 8,5E~-02 TeTE=-05 4oAJUE+02 24640 2e 9€E-01 7.5c=05 > [
8,0 3.,473E402 231,7 3.5E~-02 940E~-05 3.590€+02 239.0 1¢ 3E-01 7¢5E-05 3
9,0 24€92F+02 225.7 1.6E-02 1.2E=-04 3.107E¢02 232,0 be 2E-42 1elE=0b4 3
10,0 2,S68E+D02 219,7 7+5€E~03 1e6€E-04 2,677E+02 225,0 1+ SE=-D2 1.3E-0u 2
11,0 2.,199F+02 219,2 6eSE-03 241E=04 2,300E¢02 225.0 ‘o WE=-U3 1.8E=0w >
12.0 1.882c¢02 218,7 6o NE-Q3 246E-Y4 1,977E+02 225.0 be 0E=-03 2elE-Uis o
12,0 1.,610F¢02 218,2 1., 8E-03 3.06-04 1.700E402 225.0 1. 86~03 2¢6E=-0t
1Ue0 1,I7BE+02 217,7 10 0E-03 3.2E-04 1,4LBQE+02 225.0 1. 0E=03 2.8E-04 o
15,0 1.1785402 217.2 7« 6E-0QL JeE=04 1,250E402 225.0 7o 6E-Uw 3e2c=G:e =

16,0 1,007€+02 216.. 6o UE-D& 3.6E-04 1,08NE¢G2 225,90 6o WE=T4 JeE-04
17.7 8.610E+01 216.2 Se 6E=04 39E=-04 9,280E¢01 225.,0 Se 6E=04 J.9E-04
18.0 7,3%0F+01 21S5.7 S« 0€E-004 belE-04 7.,980E+01 225,0 5¢ 0E-0u 4oelE~DL
19,0 €,280F+01 245.2 Le9E-04 be3E-04 6.,860E¢01 225.0 4o 9E-04 welE-0Ou%
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Table E2. Listing of Data for LOWTRAN 3B (Cont.)

20,0 €,270E+01 215.2 Lo SE~ O 4eSE~0h 5.890E+01 225.0 bo SE-Ce 3.9E-04
21.0 4,580E+01 215,.2 Se1E-04 4+3E-04 5,070E+01 225.0 S5.1E~04 3e6E~04
. 2200 2,€10F+01 215,.2 Se 1E~04 Le3E-04 4o 36CE+01 225.0 Se 1E-04 J.2E-04
t 2349 3.240E401 215,2 S5.4E-04 3e9E=-04 3.750E+01 225.0 Se 4E=0u J0E~04
2649 2.860E4+01 21562 64 0E-04 3e6E-04 3,227E< 01 226.8 6e 0E~J4 2.8E-04&
2540 2.430E+01 215.2 6e 7E-04 JebE-04 2,780E+01 228.0 6o 7E=0+ 2.6E-04
300 1.,110F+01 217.4 3.6E-04 1,9E-04 1,340E+0L 235.0 30 6E-04 1e4E=-04
JE.0 S.180E+I0 227.8 1.1E-04 9e2E=05 6464CE+0C 247.0 1e 1E=04 9.2E=05
40,0 2,530E+00 243,2 Ge JE-05 ©elE-05 3J.400E+0) 26240 4o 3E~-05 belE=~05
45,0 1,:905+00 258,5 1+9€«05 1+3E~05 1.810€E+00 2740 1. 9E~05 1.3€-05
€00 €,820F~01 265.7 6+ 3E-06 4e3E~06 9,870E-01 277.0 6e 3E~06 4e3E-06
70,0 4,€E70F-02 23047 1e 4E-07 8.6E~08 7.070E-02 216.0 1e bE=Q7 8.,6E-08
100,0 3.0006=-04 210.2 1.0€-09 4e3E-11 3,000E~-04 210,0 1. 0E-09 4e3E-11
99999, 0, (00E+N0 199, 0.0E-0QC 0.0E-00 0.00uE 00 190.0 06 0E~J0 0.0E-00
Nef 1,C13E403 257.1 1.2E+0" b+1E-05 1.013E¢03 286.1 S5e¢ 9E400 S.4E-05

¢ 1,0 8,€678F4¢02 2%9,1 1,2E+08 LelE~05 8,986E+02 28146 be 2E+8) SeE~-05
P 240 77757402 255.9 94 4E-01 4.1E~05 7,950E+02 275.1 2 9E+ 02 Sev€E-05
4 3.0 64,798E402 252.7 6+ 8E-01 443E-05 7.,012E+02 268.7 1. 84017 5.0E-05
Lo 54932F+02 247.7 Le1E~01 4.5€-05 6.,166E+02 262.2 1. 1E+00 4.6£-05
5S¢0 F4158E402 240.9 2~ 0E-012 4e7E-05 S5.405E¢+02 255.7 60 4E-01 he6E-05
: 6e0 GoU67EH+02 23461 94 8E-02 %e9E=05 4o 722E¢02 2492 3. 8E-04 4¢5£-05
] 7.0 34853E402 22743 Seu4E~02 TelE~05 4e111E402 Z42.7 24 1E-01 4.9E~05
3 8.1 2,308E+92 220.6 1. 1E-02 9,0E~05 3J.565E+02 236.2 1.2E-01 5.2E-05
3 9.0 2.829F+02 217.2 8.4E-03 1.6E-04 3.080E#92 229.7 be 6E-02 T.1E-05
a4 10,0 2.4182402 217.2 S.%E-03 204E~-04 2,650E402 223,2 1. 8E~-02 9.0 E-05
3 11,0 2.C67E+02 217.2 3.8E-03 342E~04 2.270Ev02 216€,8 8¢ 2E~03 1.3E-04

T R BT
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12,0 1,766E+402 217,2 2.6€E-03 403E-04 1.94(E+02 21€.6 3.7E-03 1.6E-04

e il o o obieiio: o e et G Pl N

1 13,0 10S10E+02 217¢%  1.8E=03  &oTE=0k 1.658E4+02 21646 1. 8E-03 1. 7E-04
. 9 1400 107915402 2172  1406-03  4eOE<04 1,417E+02 24646  Ba4E-04  1.9E-04 _
3 . 15,0 1,103F¢02 217.2 Te6E~T4 Se6E~0h 14211E402 21646 Te 2E=U4 2elE=04 S
i Ny 1640 9043I1E+01 21646 6o4E-04  642E~04 1,035E402 216,6 6adE-D4  2.6E-Uv =
F 17,9 840536401 21640 5.6E-06  6.2E-04 8,850E+01 21646 S5e2E-d  2.82-04
b 1840 €,882C401 215.4 S.CE-04  6.2E-04 7.565E+01 21646 odE-04  3.2¢-04 3
' 19,0 S, E7SE40L 21408 Lo OE=04  6o0E-04 6. 46TE+DL 21€e6 4o 4E=-dw  3.5E~04 X
3 2000 Fo016T40L 21he1  4o5E-04  S5.6E-04 5,520E+01 21606 4esE-O4  3.8E-05 %
3 21.0 4a277E401 213e6 S.1E-0%  5.1E-D& 4o729E401 21746 4o 8E-d4  3,8E-04 @
. 22,0 3 EHTE401 21340 5. 1E-04  4o7E<-Ok 4o OWTE+01 218.6 5.2E-04  3.3E-04
23,0 3.909E401 2124 S5.6E-06  Go3E-04 3,467E+01 21946 SeTE-04  3.8E-04
1 2640 2.6695401 211¢8 6¢0E=06  3.6E~0b 2,972E+01 220s6 6e1E=04  3.6E-04
g 25,0 2.¢56E401 211e2 6e7E=04  3¢2E~04 2.549E+01 221.6 60 6E~0% 3o bE~04 ©
s 3700 10205491 2160  3e6E=04 15606 1.197E¢01 226.5 3o 8E~04  2.uE=04
4 38,0 L,TOLESQ0 222,.2 1.1E-04 F.2E~05 S, 7L EE+00 23E.5 1. 6€E~04 1.1E-04
4000 20743E400 238e7  &o3E=05  4o1E<05 2.871E400 253¢4  6e7E~5  4¢9E-US
45¢0 1.1137400 24740 1,9E-05 1.3E~05 1.491E+00 26%¢2 34 2E-05 1.7E-05
500 £,7195-01 259¢3  603E-06 4o3E-06 7,97 8E-01 27006 1e2E-05 4. UE=06
7000 4oC16E-02 245.7 1.4E-07 B.6E-08 5,520E-02 219.7 1.5E-07  8.6E-08 :
10040 3.C00E-04 21000 140E=09 4o3E-11 3.008E-06 210.0 1.0E=33  4e3E-11 . ]
99999, 0,007°+00 190, CePE-8C 0.0E~D0 0.000E 00 190.0 O040E-d)  Gouc=-00 .
+200 038223 .079u5 .250 32079 L0768t L300 .28540 L0240 400 422026 01317 2 .
10088 237078 :fidde 4o28d Iﬁuzgq :%°§§ﬁ 1.800 2§§;zg :g§2g3 §!§§3 :Széxé !ui;az 2 i
§1383 235235 233233 32333 28}23‘ :bgsz% £:208 101438 :ogseg s:oog :31;39 :giuiz - ;
i G Gl
41 S SRR T s el TR S sk bR el ek
43030 01389 <8333 15:08 131332 80525 12-50 04383 (08783 158:58 (Qi3R% (38521 g §
- H
>

04699-2,3468=1,6778 0,998-2,0362-143981 06996-146990-1¢1192 0, 994=1,4815-0,9508
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Table E2. Listing of Data for LOWTRAN 3B (Cont.)

04992-1,3279~0.8239 0.990~-1,2007=-0.7258 0.980~0,7825~0,4318 (,970-2,5229=0,2366
04960-0.3468~-0+1074 0.950~-0.2938~0,  0,940~0,0655 0.0969 0,930 2.0414 0.1761
0,920 0.1553 042304 04910 0.2430 0.3010 92.900 00,3326 0,3522 09,880 N, 4342 0. 4624
0.860 0.6128 05563 0,840 00,7243 00,6435 0.820 0,8261 07243 0.800 9.,9191 0,7924
: 04780 11,0000 0,8573 04760 41,0792 J3.949% 0,740 1,16461 3.9731 0.720 1.2122 1,0253
; 0700 1.2672 140719 0.680 1.3284 1.1173 0.660 1.3892 1.1644 0,640 1.,4409 1,2n95
: 0620 1,4955 1.,2480 0,600 1.,5441 1,2900 0,580 1,5966 1,3263 0,560 1.6435 1.,3617
0560 1:6857 13979 0.520 1,7340 1.4393 0,500 1.7782 1.4698 0,480 1,8261 1,4982
0.460 1,8692 1.5314 O 440 1.9191 1.5682 0.420 1.9638 1.6021 0.400 2.0086 1.6335
0380 2.0607 1.6721 0.360 2.1038 1.7076 0.340 2.1461 1,7482 0,320 2,1875 1.7924
0,300 2.2304 1.8325 0,280 2,2788 1.,8865 0,260 2.3263 11,9395 0.240 2,3717 2,0000
; K 04220 24183 2.0607 0,200 2.4L698 2.1206 0.180 2.5159 2.1903 0,160 ?.5740 2.2552
; 0.140 2.6284 2.3385 0.120 2.6902 2.4313 0.100 2.7559 2.5185 0.080 2.8261 2.6435
i 0,060 2,9031 2.7853 0,040 33,0000 2,9777 0,030 3,0607 3.1072 0,020 3.1461 3,2552
0,015 3,2041 3.3617 0,0.0 3.2718 3.,4771 0,008 3,3054 3,5563 0,006 33044 3,6233

» 0.004 3,3979 3.7076 0,002 3.4914 3.,8325 0.001 3.5682 33,9345
3093 3072 3454 3082 T.37 3,37 2436 3433 3425 I413 3,02 2,96 2,97 3,00 3.08 350
3e12 3408 3403 300 3,01 3403 3407 3.05 3o01 2494 2483 2471 2462 2,58 2,57 425
2062 2467 2472 2,71 260 246 2435 2426 2422 2423 2419 2417 2417 2,20 2.26 SN0
236 2442 2439 2420 2401 1492 1483 1478 179 1,81 1,84 1,83 1.80 1.71 1.51 6575
1439 1.30 1625 1018 1619 1.18 1.21 133 1447 153 154 1436 1,12 0,89 0.69 650
Bels9 0460 0471 0679 0,99 086 0473 0453 0443 0451 0452 0,67 073 0.80 0.83 725
. 0.80 0,63 0,47 0632=0.08-0421-0429-04+21-0+01 0.08 0416 0.09-G¢03-0.21=0437 Anc
. . “0:35-0030-0,:31=0,37-0 ¢42~0,4B8=0e42=-0:40-439-0e43-0,77-0,83-0,86-0,79-0.60 875
3 : *0¢50-0062-0439~0, 38-0437=0,40=0651=06,67=7,82=0,58=0,40=0,32=0,21=-0,09=-0,18 a5
. =0¢16-0:19-0.28+0433-0.35-0428-0:22-0010-0+05-0¢11=0,13=0,27-0,27-0,418-0,06 1025
4 i 0.11 0423 0426 0419 0.11~0.00-0.09 0,02 0,08 0,12 022 0.28 0,39 2.54 0,68 1100
: 0¢75 0679 0679 0471 069 0476 0488 1401 1416 1.1% 1414 1,05 1,02 1,11 4,23 1175
141 1,75 1,83 1.99 2,05 2.03 2.00 1496 1.90 1,86 1.91 2.08 2.24 2,41 2.63 1250
S 2468 2,67 2473 2479 281 2091 2.93 302 3416 3423 3430 3,34 3.43 3.57 3.59 1325
S 3459 3458 357 3061 371 3071 3469 3464 3460 3468 3430 3,95 4405 4405 4,02 1430 3
| 3499 3,96 o001 Wel3 4,22 4e35 Lol Le58 UeH2 LR UebHL 457 6,56 Le56 4,53 1476 %
. § Go09 Lobb G0 4028 Loll 3,92 3663 T35 3,416 3610 3028 347 3,66 3,60 3.93 1550
3 o000 4o0% 4015 4023 4431 8435 Le31 4423 4420 4426 4028 4e35 L 42 L L2 L bW 1625
2 . Lo46 Lo&H0 4030 4022 4ol3 LoUT7 Gel12 4e19 4422 4423 Ue16 LeI4 3499 3,94 3,93 170G
2 ' 3491 3,86 3.83 3480 3,78 3.70 354 3,40 3430 3.31 Jek2 3452 3.52 I 49 3,41 1775
X 3421 3otlh 3410 3608 3.11 2.98 2488 2478 247U 2,76 2,72 2,76 2482 2,85 2,86 1850
2075 2464 2460 2661 2454 2:56 2449 2437 2425 2414 2408 2,11 2,20 2,31 2,28 1925
2415 2006 1498 2,03 2,05 196 1,84 1472 1464 1.59 1.57 1.57 1.60 1.63 1.51 2000
138 1,97 0491 0.87 0,92 1.04 1.01 0.92 3,64 0,92 0.97 1,01 1.06 1,10 1.36 207%
1,01 0691 0479 0455 0,47 Dol 0639 0438 0,34 0,33 0436 043 0o68 0,45 Jo38 21510 3
0627 0621 0022 0629 037 0638 0637 0629 0,19 0,13 0411 0.03=-0,05-0.12=-0e24 2225 ;
"0.31’0039-0.‘03‘0050'0.59“0068"0073"0.50'0092‘1006‘101.‘0"1022'1lZ?'lc?S'i033 2300 A
=1432=1083=1 e51 1631 ,70~1,82-1,98~2,09-2,21~2,21-2424=2427-2436=2,51~2,65 2375
=2:702:63-265722056=2:59=2,67=2 4592 467 =2,68=2,62=2,52=2,42=2,29=2,14=2,00 24590 .
“1e87=1471-151-1039-1,:27-1412=1:.01~0¢89=0,75=0:s68=0,57=0,47-0.42=0,32-0427 2525 b
«0426=0:419-0¢13-0611=0.,01 0,05 0.08 0417 0:25 031 0ol 0e43 Dol 0,43 0,36 2630
0635 0031 0625 0425 0422 0021 0433.0e49 0465 076 0471 0451 0430 012 2,10 2675
0e17 0024 0431 0638 0.45 0,51 0,56 0,60 0,63 0:62 0,63 0e6l4 0466 0469 0476 2750
0.75 0474 0470 0062 0453 00446 0439 0438 0.37 0,38 0,42 0447 J450 0458 2.69 2825
0667 Ne62 0464 0468 076 090 1211 1413 1,10 0,97 0,98 1,17 1,38 1,52 1,75 2923
1676 1484 1692 1590 187 1,91 2,02 2413 2,10 2,18 2422 2425 2403 2,01 1.77 2975 ;
1.9 2619 2,28 241l 2:15 2.22 2.01 2414 2,26 2436 2¢51 2+66 2,73 2,68 2.69 3350 1
24606 2422 1495 1461 1411 0.88 0,83 0,89 1,20 1,62 1,82 1,99 2,01 2.14 2,16 3125 i
2021 2030 233 2442 250 2451 2449 2446 2442 2,37 2437 2433 2431 2,43 2.56 3290 3
2461 2,63 2460 2450 2438 2,61 2434 2.31 2,32 2,40 2427 2.%2 2422 2,09 2.08 275
2017 20l1 2,77 24P8 2,49 2,29 2423 2442 2451 2,58 2,49 2,40 2439 2,51 2.60 2350
2468 2,68 270 2482 2483 2482 2,81 2,84 2,86 2,91 2,96 3,03 3,08 7,21 3.30 Zu2s
Job0 3552 3049 3,46 I451 ISk Te56 3455 3,57 3,61 1,71 3,80 3,92 2,99 4,06 350¢C
602 L0056 Lel2 Be28 430 Ue22 6432 Lolh2 L4ST U664 US55 LoD b 428 4 .22 4,37 3575
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Table E2, Listing of Data for LOWTRAN 3B (Cont. )

De37 ha2h U413 Loll 420 8025 4432 65435 431 4427 4425 4427 431 4,36 bobl
4052 5459 o711 4079 LB 4473 461 U, U2 4,28 4,08 4,00 3,88 3.86 3.92 3,91
Del12 G4o18 4431 4437 Hal2 450 453 4,58 4459 4.61 LeB1 4e59 453 449 4, ub
bolbel Golb0 He34 4e30 4426 4409 3,96 3,87 3478 3477 3,79 3.75 3,72 3.62 3.56
Je51 3448 3432 3018 3.07 2496 2487 2,80 2,68 2458 2459 2451 2459 2.57 2,5t
2402 2432 2420 2412 2400 1,92 1,79 1,63 1.60 169 1,78 2,04 2,00 1.R1 L.70
163 1461 1,60 1449 1e1b 1435 1464 1469 1670 1.59 1,45 1,29 1,19 1.08 1,62
1006 1410 1416 1620 1423 1422 1,08 1,08 1,06 0689 0,93 0473 0458 (oS4 1,77
0481 D474 071 0.57 0049 0o43 0438 0412 0410 0,20 0o41 0.37 031 0.11-0.13
“0021-0432=0436=0039=0:33=0e39=0,445=0.50-0656=0062=0,63=0.77=0,84~0.91=1,3C
“1011-1419=1,28=1¢ 31=1439=1,43=1,48-1,52-1 o57=1:60=1:61-1,60-1,58=1,51-1,42
“1¢3201426=1416=1,00=0683=0,71=0:6120452=0443=0,36~0,30-0,21=0,19=0,17=9.15
“0613-0617=0:19-0.12=0.06-0.01 0.00-0:11-1023=0432=0,44=0:54=0e4B=0,47=0,42
“0eb0=0e60-0,39-0,37=0,35-0,48=)¢75=1¢13°1,58=1,80-1,66=1,52-1:35-1.19-1,07
’0.‘0‘0056'0065‘0063‘0052'0.66'0.73-9.79'3088‘008“'0.70'0.59'0.“3'0.39’0050
=01461=0.74=0:79=0:76-0:69-0:62=0:59-0:52-0¢ 48-0,4B~0,42=0¢39-0438=0.33=1,29
=0+26=0423=002220.28-0437~0:50-0:60-0+60~0e51=0e06=0:42=0443-0,065«",25=3,24
“0014=0,08-0,08 0.00 Nell 032 Cott3 0el2 0632 0423 0422 0428 0445 155 3462
0665 0471 0475 0680 0.83 0,85 0,87 1,90 0,93 1,00 1,74 1.15 1.22 (.32 1.3
1032 133 148 1278 187 2.01 1,92 1,86 189 1.92 1.98 2,13 2,32 2,31 2,48
2070 2071 2476 2,78 2,70 2,77 2,08 2.9% 405 2,94 3,23 3,20 3.19 3.32 3.11
Jeltl 3431 3436 3406 3436 3039 Te50 3041 3622 3013 2,98 2479 2,98 2,072 2,82
2098 2486 2492 2.92 F.05 3.22 3460 378 3.81 3,96 3.76 .62 3.34 3.08 3.31
3016 337 3441 3430 333 3e3T T 51 I LB T.03 3,52 3031 3,40 3.58 3,61 3,49
Job6 3042 3419 3418 3430 3,00 2499 321 311 314 3413 2,72 2481 2,96 2,69
2473 2472 2447 2451 2460 2.42 2,37 2,73 1,91 1.87 1,81 1,78 1.53 1.51 1.62
159 1,50 1 .42 1432 1422 1412 108 1,02 0497 0492 0.30 0,37 3484 (482 0,79
0478 0476 0475 0672 0471 0,71 0470 0,69 0,67 0.61 0457 0452 0448 0,41 9,39
0638 0033 0632 3430 0,30 0,30 0429 0428 0427 0s26 0425 0423 022 0421 020
0418 Ool14 0413 0406 0:¢01-0¢03-0,07=0:11-0,16=0421=0s26~0,20-0,3%=_,38=j.41
’0.“5-0050‘0055‘0051‘0069’0076'0.8“'0090'0097'1001'1010‘1013'1019‘1.?2-1.°6
~1e30-1¢33=1436=1439=1,43=1,48-1,50-1¢52-2.57=1,61=1,A6=1,70-1,72=1,78~1,81
=1089-1,92-2.00-2,082416=2:24~2.31-2,40-2.48=2.54~2,H1=2.71~2,83=2,35=-3,10
<5400-5.00-5.00=5:00=5400-5.00-5,00=5:00~540025,00=5,00=5,0.=5,00-5,011=5,90
‘5000-5000-5000-5000‘500055000-5.00'5.00'5000'5000‘5c30'5000'5.00’5.0"-5.00
=5 ¢00-5400-5 400-5.00~5.00-5¢00-5.00-5:00-5,00-5,09-5,70-5,00~5,01=5,00-5,00
=5.00-5400-5400-5.00=5:00=5,00=5.00=5¢00-5400-5¢00-5.00~5,30=5400=5,00=5,13
«5400-5,00-5¢00=5,00=5400=5.00=5,00=5.00-5,00-5,00-5,00=5,00=5,00=5,00=5,79
*3e78=3433=3,401=2,82=2:68~2449~2,30-2¢13-2.00~1+81~1,6)-1,41-1,13=0,90=0,79
“0s63-0,48-0¢36=0,28=0.16-0.06 0,08 0420 0.28 0sl4t 0,54 0.69 0,80 0.92 1.7
1619 1,19 1,01 0,98 1.02 1,19 1,29 1,30 1,29 1,38 1419 1,39 1,42 1.43 L.7¢
1462 156 Lob41 1453 1486 1,96 1,97 2,02 201 1494 1,34 1487 2,03 2421 2.42
2030 2416 2402 2402 2402 2413 190 171 2.01 1,56 1,56 1451 1.30 1.63 1.64
167 1470 2422 2439 2438 230 1:93 239 2449 2652 2457 221 2,18 2,43 2,41
2045 2051 2423 2,49 2,30 2461 2472 2652 2463 2456 2,51 2470 2462 2462 2,80
2074 2479 2474 2470 2,88 2.81 2,72 2,76 2,84 2,92 2,78 2,88 2.88 3.02 2,018
3426 3403 341h 3428 303 Joll 3415 T30 3631 3022 3470 3436 3434 740 3437
3432 3408 3,09 3,09 3401 3407 Jo07 3431 3421 3e31 3467 3,55 3,79 3470 .49
3039 3411 3413 3401 3410 3,01 3418 3432 3,43 3,35 3,40 3,39 3,39 7,51 7,54
3.642 3450 3467 3459 3.63 3,656 3.48 3,39 3,29 3.31 3.41 3.27F 3.32 7.12 2.91
2091 2475 2478 2472 2462 2458 2,32 2422 2,00 1,97 1,h3 1,52 1.64 1,53 1,56
1651 1652 1448 1,42 1,42 1,00 1.41 1,43 1456 1.52 1,51 1,52 1.39 1.39 1, 2]
1609 1416 1621 1420 1422 1.20 118 120 119 117 1.10 1,17 1.09 1,10 t.11
1.06 0698 0490 086 090 0490 0,90 0486 0o71 Ne79 0470 Qo711 Neh? 0462 (453
0e42 0,31 0.20 0.01-0.08-0.17-€.26-0.35—0.kh-0.53-0.63-0.73-0.83~0.93-1.Dh
“lell=1,204-1,34~1, Lbiym 1 o564=1, 64=14 741, 8U=1qW=2,M4=2,14-2,24~2, J4=2,bu=2,54
“2064=20T4=2480~2.9U=3.04~3614=3,2L4=3s34=348U=3054=~3,64=3¢ 74=3,84=3,04=4,04
-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5.DU-S.OC
=540025400-5400-5400=5401=5,00=5,00~5400-5400=5,00-5,00=5¢009~5,20=540L3=5.00
=5¢00-5400=5.00-5,00=5.00-5.00-5,00-5,00-5,00-5.00~5:70-5,90=5,00=5,00~5,009

74

3650
172%
)0
X878
3952
4025
L11¢
417%
4259
4L,22¢%
L40¢C
4475
4559
Le25
473"
4775
4853
4a2%
50990
5475
5154
5225
530N
537¢
5450
6525
563
5€75
6750
582%
5936
5975
f050
612°
6210
6275
6350y
642%
AGDN
6575
EERS
€725
6800
&RT7S
A95 10
7025
7120
7175
7251
7325
7uQn
T47%
7550
7825
7700
7775
786 ¢
792¢%
8071
8G?5
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Table E2,

Listing of Data for Lowtran 3B (Cont.)

«5400~5,0025,00=5400-5400-5,00-5000~5,00=5,00-5,00=5,00-5.003=5,00-5,00-5,00
‘50“0'5.0(‘5.09‘5000‘5.0“‘5000'5000'500Q‘5.00‘5000'5.00‘5000‘5000‘5000'500“
2hol15=4,0€6=3,97=3,88=3,79=3,70-3061=3¢52=3043=3434=3425~3:46-3,07-2:98~2,89
220N e2,T7122,62=2:53=204~2.352426~2:18-2:09-2.00=1c91-1482~173=1464=1,55
=Lel6-10 3710281019101 0~2,01-0092~0¢83=0,7%<0,65=0,56=0447=), 38-0,293-3,20
~0ei14~-0,09-0,02

0.%9
1.43
1.3n
1.86
2.11
1.58

0.5¢ 0,71
1.52 1.56
1.28 103
1,64 1.1
2.28 2.21
1.27 1.20

0.03 0,19
0.8 0,93
1,59 1,56
1450 1,069
132 1.52
213 2,00
1.18 1.12

0.17 N 22
1.91 1.06
1.51 1.61
1.55 1.48
170 1,90
1.91 1.92
0.99 N.86

0.30
1.07
1.50
1.32
2.01
1.97
0.7%

0¢35 Gob1
1.02 1,01
1.70 1.82
139 1.53
1,92 1.91
1.68 1,91

Ne45
1.12
192
1.82
212
1.3

J.60

Oolele D031

8.0s2
1.23
1.94
2423
2,13
1,92
0.49

0. 40
1e 26
1. 89
2. 61
2.01
1,93

0.43 Uelb
128 1.34
1.81 1,465
2¢51 24,20
2418 1.93
174 1,61

3¢ 03-ua07-0,21

8150
8225
4340
8375
8450
8525
8600
8675
8750
8825
84900
8975

~NedS=0oh9=0e64=0e79=0690~1 0111424~ 1s81=1457=1:73=1,91-2,09=2,27-2:45-2+63 9U50
22e81-209C=3018=3¢37=3056=375=3e9h=U, 13=be J1=4osb9=bqe66=eB83=4s 99~5:14~5,28 9125
“5e00=540(=5,00=5,00=5.00=5,00=5,00=5,00=4¢68=4¢e26-23689~3,57~3,32~3,11-2,91 9875
2089247224 764=2,63=2,47=2429-2,20-2,17=2,2322,2722432-241222,08-2:07-2.07 9950
220072109 t=1e7T=1o70=1,63=1660-1,59=1,03-1021-1,15-1:09-1¢13-1429-1419-0.9810025
=0e93=0487=0491=Ne88=-0,71-0:62-0¢59-0:658=0+63-0:508-0+39-0,22-0614-0.,06-0,0110100
“0e01-0,01=0.20=0,16=0602 018 0,32 0,42 0637 0,23 0012 0415 06428 0443 (5313175
0e58 0653 0olkts 0,39 0438 0635 0,23 0426 0019 0,68 0410 0,18 0.27 0438 Je%3120¢50
0320437 0,58 06l 0,87 0,98 1,00 1,02 113 1,08 1,08 1,16 1,16 130 1.4110325
1el40 1632 1432 1437 1,642 150 1,42 138 136 138 1,49 1.63 1.62 1.62 1.7010400
1068 1,60 1,56 1,56 1,6% 1464 1.56 1449 1.49 1,52 1458 162 1462 1,61 1.61210475
1662 1eRF 1671 1472 170 1470 1,67 1062 1066 170 1067 1456 1449 2.42 143810550
1026 1,20 14173 1.1% 1,19 1,29 1,50 172 1.86 1,78 1,82 1.88 1.82 1.89 1.9910025
2400 2416 2406 2492 2402 1,98 1,30 1083 1481 1.72 14869 1,59 1,50 1.36 1,2010700
098 046 Colh3 0,29 0,16 0405 Go02 6403 0403 0e01-0438-0,18-0620~0+411-0.0610775
-0»01‘0.1“0.21'“008‘0'06 0410 Co18 0e11 0032 0ele2 Jotl 0,38 0.28 0e42 JeW310850

Dalet 0,32 032 0okl 0450 0446 0031 0418 0,08 0,20 0021 0434 1036 La28 3,3510925
0,39 0442 9,38 0132 0.30 °l16'0001‘0'23'00“1‘0-52'f.“8‘0.53‘0.61'0.“8‘002311000
~0ef1? 0021 0436 0439 0,47 Dolsls 2,40 0451 0459 0.53 T069 057 0.48 0,52 0.6211075

0659 0455 Ne50 0632 0626 0011-G0,08~-0010=0016-C043=C062-0.88-1409-1,16-1.311115¢
“eli5=1oh0=1.78-1:91-2.01-1497=1,97=1,97=1,97=2,26~2420-2,01~1,99-2,00-2,0411225
w2037=241C=2ebl=2,36243222¢19=2,10-2¢25-2416-2436=200b=2,47~2s09=2.48-2,4511390
“20b022436~2,40=2,049-2059=2:68-2,89-3,28=3,51 37423497 -4:20~be 43=2:6F-4,8911375
“5.,00-5,0(-5,00=5,00-5,00=5,00=5,00~5,00-5¢00-5,00-C400-5,003-5,00-5,00-5,00114650
“540M1=540(=5,00=5,00=5,00-5¢00=500-5¢20=5400=5.00=5,00-5.01-5400-5.00~5.0811525
=€ 400-5,NN=5,00-5,00-5,00-5.00-5,00-5.00 5400=5,00=5,00-5.01-5.00=5:00~5.0011609
“CoN=5,00-5,00=5,00=5,NN=5,00=5,00=5400-5,00~5.00=5¢00-5.00-5.00-5.00-5,0011675
=3e71=3056-30k0=3,21-3:06-2,90-2,T4=2460~24 46=2¢32-2417-2,03-1,87=1.79-1,7411750
“1083=0e8¢=1e71=1,59=1¢69=1446=1,46-1e49=1,49-1,25-1024=1,08-0490-1.06-0+9111825
=01e31=1401=0,99-0,87=0,92=0+79=0,642~Co54=0638-0042=Co48=0,34=0e27=0+17~0e23119300
“0e98=0e2:=0e30=0,08=0,01=-0.20 "4 06 0:10 0406 Ooll=lol12-0e02=0s02-0413-0,1111975
“0e10~0e0€=0.05-0,04=0610=0e04~Ce06~0s21-0038-0s61=00s40-0:s31=0s42-0,58~0,5712050
“0e5U=0e24 0ell 9,51 0681 073 0462 0626~00 31~0e67=0+30~0,88-0,50-0,39-0,1012125

0400 Na0€ 0408 0416 0621 013 0632 0635 0051 0660 Ce51 0,51 0oL Ut 0.4312200

Nelt2 0633 0os3 0,36 0422 0,13=0411=0:31=04 310480 e41-0¢39-9453-0,69~3,8412275
0ol oN1-3010-1,19=1429=1:85=1,09-1¢67-1467=1:51~1¢66=-1,60~1¢69-1,83~1,5112350
“Loe42=1000-4020=1:301:31-3:30-1430-1428=1, 39-1,33=1540-1035=1¢37-1.39~1,4112425
*1elh9-1008=1,56=1,47~1eb6=2 oll=1oU2=1o48=10b41-1s31-1:15-1013=1020-2,41-1,8812500
“2408=2000822,2222,3522035=1¢98=1,92=1e78=1,57~1,69=1¢70-1a70~1,66=1,84~1,501257>
1056100 i=1029=1¢381,28=1,48-1,58-1,44-1,531,48=1oU48-1,58-21458-1,69~1.79126%0
“240N=201€6=10199-2,23=2:00=2:06=2,39=2674=3009=344b~=Te79"8elb~bsl%~04,84~5.1912725
"2el46-242€=1,99=2,042,10-2431=2,15-2,01=1¢099-2,14=2¢41-2¢12-1093-1,84~1,7913400
“1e71°1078=1.72=1,68~1+78=1:52=1,308-4429=1,220691=0¢90-1401=0676-0+90~0e9013475
=0690=1,16=1,00=0,79~2,68=0,68-0,73=0:85-04035-0¢61=C062-0+48-0s51-0,92~0+8313550
*0s€61-0s41=0029-0,29~0.61-0474~-0,19-0,18 C& 0¢619-0.10 0,20 0.20 0,02 2013625
=0401 Dod8 0428 0,14 00 ~=0¢37=0.10 0402 0,16 0,20 9 0.09 0.09 0,09 0.0713700

0422 0011 04141 0421 0,09 0,24 0420 0a37 0628 U077 0409-0¢29=ve693-0.69-0,7413775
“NgAA«1,01=0:86-0,54~0419 0449 0423 0421 0+29 0428 ve29 0452 0054 0,51 L6413850
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Table E2. Listing of Data for LOWTRAN 3B (Cont.)

Ooke0 0ol Oolbed Oobb 0,49 0627 0406-0033=0081=1,17~1011-1,37=4.52-1,50-1,9413925
«2006-2,0€6-2,14=10¢96=2600-2,00-2,08=2,2324 I1=2:312653=2431=2,31-2,31-2,2814400
“2e30e2,34=1,91=1,82-1,68921,56-1,84=1091°14751,83=1¢76=1450=1098~1,80-21,6814075
“1069=1e56-1,60=1471 10361 436=1obtb=2ouB8o1o4B=1,40-1036=1,45=1,49=1,085-1,3916150
- ©1023=1418+1018=1¢34-1,361¢23-1023=1437-10301,40-1020-1,27=1037~1,32~143214225
t *1022=1928-1038=1,8922,07-2,42-2,58-2,58=2,80-2,58-2,43~1,008-1,60-1,26-1,16162300
& ©1023=801(=1023=1:10-0,83~0.80-04,80-0,80-0,98-0,97-0497~0:91~0,92-4,13-1,2414375
3 el 050214 8C=2,10=2,322463=3¢91=l¢ 20=lelt oty 78-5,07=5,07=5,u7=5,07=5.07=-5,07164:50 "o
- w4e2823,7023,2022:75-1490=1473=1051-4029=1¢11~0:91=C471~0.51=0.30~0.06 0.22 500
4 0049 0,7€ 2.08 1429 1,56 176 1,91 2.08 2,23 2.36 251 2,72 2,90 3,12 3.37 575

H Vivad IV133dS

3 3456 306C 379 3486 3488 3486 3,73 Ie58 3438 3417 2486 2473 2452 2431 2447 0650
3 201 1,8€ 1,77 1463 1,647 1421 0492 0453 0623-0417-0653«0.74=0s81-0,84~0.88 725

“«1e0001,18-1,42=1,61=1:86-24120-2,29=24%5122,7222¢91=3414=-5,00~5,00-5.00~5,00 3800
“5,00-5,00-5,00=5.00~5:00-5,00-2,68=2e07=2019~1¢97=1¢71-1,50-1:¢32-1428~1.13 875
=1009-1,11-1,10=1,090~1,01-1,01-1011-2¢33=1466~2+1322,51~2:83-2,71-2,39~2.,09 950
*1a78-2¢59=1433=1:18~1e01-0096=0¢91-0:90=0.87~0,800,79~0.86=1,07-1,28~1,69 1025
*2011°2eTt=3e09=3,50-3,03-2,58=2423=1489-1,501:28-1¢13-1,11-1,16~1,20~1.23 1100
“1021°1417=1:12-1:15%1e¢19-1020-1417-1:02=0089-0:68=0, 42=0+,20=0.04 0.18 0000 1175

057 0477 0096 1,07 1173 141 1,08 1415 1.27 1,33 1ebb 1,40 1413 0,89 0.63 1250
0e54 0065 0,78 0,81 086 0,82 0468 0e47 0014=0:12-Co48=0:92-4s43-1,89~2.32 1325
~248125,00=5,00=5,00-301b=2,47-2600=1e71"1659-206121,69-1,082=1,87-1,90-1,.9% 1400
'200“'2.10‘;-33‘2032’2.#”'2.71‘2033'3.09‘2.99'20“3‘2.00'1069‘10“2‘1030'10“9 1475
‘1.’0'2001‘2031‘206“'2053‘2.59‘2-33‘2027‘2.16'2005'1.9“'1083‘1.76‘1.71’1070 1550
} ©1a7221081=1:92-2,03=2,27-2,61-3¢21=8e01=5,00-5.00-5,00-5,00+5,00-5,01~5.08 1625
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3 «5 o008, 00=5:,00=5,00=5,00~5,00-5,00=5,00-5,00=5,00=5,00-5:00=5,00-5,00-5,00 17G0 %
; =5 e0N=5,00=5,00=5,00=5,00=5,00-5,00=5¢00=5¢00=5.005.00=4431=3042=3,47-2,98 1775 7
3 22008032207 1=2¢67=2:67=2,68-2458-2433=2404=146U~1432-0497=0.76=0463-0.59-046uU 1850 3}
i ' “0e63=006%=0:87=1,00821,261,53=1,07=14911,93-2,02-2,21-2,48<-2,80~3,08-3,44 1925 s
5 «36400-2,93=2,76~2:39-24,01-1,69=1¢36=-0:499~0.63-0.28 Co00 0.08 0e11% 0412 0,12 2000
v 007 Col1=0.08=0,23=-0,40-0451=0653=0s57~0460=0,61=C,73-0s81=0Ge95~1405=1,02 2075 E

“0e91-0,68=0041-3G409 0,18 Oolbl 076 1.00 1,18 1,39 1,51 1.58 4.68 L.71 1.80 2150
1591 2402 2418 2432 2650 2461 2469 2481 2089 2096 3,04 3014 3,27 3.41 3,55 2225
G 3072 3490 Ua03 6422 Uol2 G461 GeTL Ho73 665 L o63 G472 78 4e79 4¢5) 3,62 2300
] 3428 247C 2430 1486 1,35 0.62-0024=14692,18-2,01-1,79=1e5310 32-1.20-14415 2375
9 *1012-1018-1,25-1026=1020-1 o47=1,20=4¢32=1¢ 50=1,84-2:16-2,30-2,26-2.01-1.71 2450
3 “1036-140€6=~0s81-0061~0,49-0.65=0e47=-0c69~0,46-0,37~0,31=00s36=00%69=-0,75-2411 2525
3 : *1ol322401=2:60=2,89=2,87=2,.764=2¢51~204222,38-2,39=2,42~2,4D=24 48=2,49-2.,43 2600
-2.&3-2.k6-2-53-2.68-2.7§-2.02-2-07-2-03-2.62-2.79-2-71-2.66~Z.h9-2.b0-2.32 2675
©2026=242322:020=2,00-2,02+1,96-1,88=~1.80b=1,86<1,086-1:87=1.83-1.79=4.73-1,68 2750
f ’1.6“‘1.69‘1075‘1-79'1087‘1075'1063'1050'1037‘1.21-1000’0003‘0059‘0.53'0.“1 2825
3 '0030‘0019‘0-09‘".0“ 0002 0.10 0.16 0018 0.23 0,26 .27 0026 0s 2% 0422 0,17 2940
' 0612 0607-0401=0407=0,09 0,32 0,72 0691 1412 1603 Co67 0418~00114=-0438-0,29 2975
*0e17=0,08~0,00 0,09 0,13 D18 Co2b 0627 0429 0,30 0029 0425 0423 0421 G.13 3450
0,09 0002‘0005-0018'0032‘“051‘0.72'009"1015‘1.50'1062‘1081‘2005’2029'2.“9 3125
*206222,87-3:03=3,2125,00-5,00-5,00+5.00-5,00-5.00-5,00~5.03~5,00-5,00-5.00 3200 I
*5e00=lbe01=3e38-3,012,63=2432-2609-1,98~1,9U~2,00-2414~2,26-2,20~2,02~-1,82 3275
“105914043=1438=1,66=0.6U4~1:90-2000-2:54=2,91~3,28-3¢61-3:472=3¢64~3,50-3,41 3350
'3037‘303@‘3016‘3.01'2075‘2051‘2020'1050‘1.59‘1.22'"097‘0072’3.“9'0.2“ G.03 3425

0e20 063€ 0,51 0,61 067 0483 1,00 1422 1038 1,56 1.70 1.86 2.01 2.20 2.31 3500

247 2064 2476 2,92 301 3.05 3402 2098 2,98 3,01 3,03 2,97 278 2,44 2413 3575 '
183 159 1.89 1,50 1,67 1% 222 2050 2471 2493 7412 3418 3217 3415 3.21 3650

3026 3419 2,98 2,59 2614 170 1,22 0455=0427=1009=254=3:00~2, 94=2,78=2.68 3725
“20ﬁ1‘206°-2.63’2.60'2.5"2053‘2057‘206~'2.77‘3.0“'3038'3.95‘5.00'5000‘5000 3800 :
=5400~5:00=-5,00-5,00-5.00-5.00~5,00~5400-5,00-5,00-5400~5,00-5400-5,00-5.,00 3875 i
‘5000‘”.0“‘3.73’3.62‘3.59‘3.53'3.56'3057‘3.53‘3051‘3055‘3137'3.26°3021°301Q 3950 i
=3027+3e3€=3,69-3,96-5,00-5,00-5.00-5,00-5,00=5,00=5,00~5:00-5400=5,00-5,00 4025
-5.00-5.00-5.&0-5.00-5.00-5.00~5.00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-“.62 4100

b (7=208C=376=3,67=3:56=3442-3:35-3,26-3¢18-3,44-3:11~3,09=3410-3,12-3:23 4175

=330 23 l=3437=3:29-3,14-3,08-3:00-2,93-2,89-2,91=3,00-3408-3416=3,31=3.68 4250
*3e7123098=5,00=5,00+-5e00-5e00~4s52=3,98-3,69=3,42-3:18-2,95=2,77=2,.61=2,48 4325
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» Table E2. Listing of Data for LOWTRAN 3B (Cont.)

!' .

: 2o k1o2,4122 40=2,38=2,3422:27-2¢21=2431 =2 48=2,73=3421-%4e13=5,00=5,00=-5,0" LLOO
' «5,00=5,.00=5¢00=5,00=5,00=5,00-5400=5400=5400-5400-5400=5,00=5,30=5,00=5,30 4475
E @8e005.00=t o13=4¢02=3.99=3,96=3:87=3,73=3,51=3+29-3:13=2.99=2,84=2.73-2.69 4550
4 «2468-2.69=2065=2.62=2,59=2,57=2,62=2¢81-3,06=3,21=3439=F,42~3.36~2.21-3.03 4625
é ’2.93‘2"0‘2oS“‘Zo52‘2a37‘2028‘2020-2.13'2|°7‘2002'1096'1033'1.78‘1.63'1.““ 4710
p ‘1031‘1'20‘1008'0.95'009“’0005'0076-0052‘0031‘0008 0413 0,30 2437 0.36 0436 4775

. 0435 035 039 0.46 0.48 0ol 0¢23-0408-0+38-0s67-0+38~0:96-0.98=0.67-0.67 4850
3 . “0e36-0012 0ol Dolts 0,68 090 111 1413 1,24 1,25 126 1427 1,51 1459 1450 492F
4 . 1428 071 0e11=0,28=0e67=1,32-1464-1¢58=1442~1418-0491=0:59=0427=0+06 029 500N
: . 0¢57 0,73 092 0.81 0.73 0,79 0.91 1,014 1,03 0,88 0.72 0.63 0.38 0.12-0.21 5075
" : b} “Dela?=0e 67102321, 67=2:31=2:76=3¢204=3,49=3,51=3.47=3,39=3,37=3,43=-3,53-3.5N 5150
i e3¢36=3,18-3,:07-2:.96=3,08=3¢24=3¢12-3,23-3,07-2:483=2,47=2423=2.07=1,91-1,78 5225
: °1063-1.k6°l.27-1.23-1.26-1-“0-1.57-1-90-2-28~2.07-3.76-*.00-5.00-5.00-5.JO 5300
4 ’ «5,00°5¢00-5600-5:.00=5,00=5:00=5¢00~5400~5.00-5,00=5.00-5,09=5,00-5.00-5.0) 575
Lo . N ‘9000-5100'5000‘5000‘5000‘5000'5.0”'5-00'5.00‘5.00‘5000'5090’5050‘5000‘5'00 S450
. «5,00-5,00=5,00=5,00=5,00=5,00-5¢00=5¢30~5,00=5,00=5400-5,33-5.30-5,00-5.00 ©525
3 ~5.00-5400=5,00=5,00=5,00=5,00-5¢00=5.00~5.00~5.00-5.00-5,00-5,00~5.00~5.00 564¢
3 . «5,00-5:.00=5¢00=5,00-5.00=5,005,00=5400-5,00+5,01-5.00=5:30=5.,00=5400-5.9) 567°%
A «5.00-5,00=5400=5,00-5.00-5.0025.00=5400=5,00=5,00=5,00=5,00=5,00=5.Cu=5.0n7 5750
«5400-5,00=5,00=5,00=5,00-5400=5,00-5¢00-5,00-5.00-5,00=5+00-5.00-5.00-5.00 5825
«5400=5:¢00=5¢00-5,00=5¢00=5,00-5400=5,00=5.00-5.00<5,00-5,00~4¢91=4,79=4,s61 5900
aly 8=l 402,294 173,903, 73-3,59=3,62=3,72=3:73-3+H3=3+31-3:412~2+91-2.63 5975
-2.#1-2.27-2.16-2.11-2.28-2.29-2.21-2.06-1.91-1.99-2.27d2.59-?.98-3-35-3.69 6350
«34793.68=3.53"3,456~3.39-3431-3:18-2¢97-2,69=2,39-2411-1,83-1,58-1.49-1.,22 6125
~1408-0089=0468=0¢56=0,71=0,79=0¢78=0,66=3,49-0,54~0486=1e37=2,08=2406=3,46 /200
‘3072'3.7“-3059‘3022‘2098‘2.52‘2021‘1.6“'103“‘1.08‘0.35‘0.72‘0.61’3-70'0072 6275
‘0.67‘0.57'0038'0051-0097‘1036'1.59'2.7#‘3013-“021‘“-57‘“.6?'“.78‘“.87‘5090 6350
‘5.00‘5000‘5000‘5000‘5000'“.93‘“0“5'3099‘30“5'2.99‘2063'2030‘2.09‘_00?'2012 €u2%
-2.18-2.13-2.0“-1.76-1-83-2.08-2.28-2.81-3.01-3.15-3.2?-3.29-3.58-’.89-#.u6 £530
4 o88-5,00=5400-5,00-5.00=5,00-5400-5400-5,00~5.00=5,90~5,00-5.00-5.00-5.90 6575
~lheB81=Us52=4411=3,69+3,09=2,99-2,91-2:89-3,19-3,20-3¢36=3.62=3489=3.92-3.73 E€50
“3e53=3.37-3419=3,022,79=2452=2036=226=2,1922¢32=2441-2:29~-2.06=2.,00~2.18 6725
‘20“7°2091'3057'“089'5000‘5090‘5000‘5000'5000'“061'“-18’3089‘3057‘3-30‘3002 6800
«2eT4=2:e51=2420=1¢98=1¢73-1457~1:38-1:21=1,11-0498=-04087-0.78-0,60=0.37-0.18 6875
“0e04=0e04=0,06=0016=0e18-0419-0623=0445-1.02-1,97=2,70-3¢71-4,01=4,20-0435 IS0 P
ol o58=4eT3=4+81=5,00=5,005,00-5400=5,00=5:00=5,00=5430=5400~5,00~5,00-5.,00 7025 3
«5,00=5.00=5,00=5,00-5:00-5¢00-5¢00=5400-5,00-5,00-5,00=5:00-5.00~5,00=5.00 7100 4
-5.00-5.00-5-00-5.00-5.00-5.00-5-00-5.00-9.00-5.00-5.00-5.00-5.00-5.09-5.00 7175 -3
. 25400=5,00=5:00=5,00~5¢30-5,00=5.00=5,00-5,00=5+¢090~5430-5430=5,00-5.00=5,00 725¢ 3
*5400=5,00=5400=5,00-5,00-5,00-5.00-5,00~5,00-5.00-5.00-5.00-5,00-5.00-5,00 7325 1
“6e0025.00<500~bo71~4:31-3499=3,68=3,50=3,34=3,22-3,23~-3.25~3.26=3.18=3.,10 7430 E
«3,07=3.18=3,41=3.67-4412-%,68=5400=5.00=5,00=5,00-5430=5401=5,00=UeS1=Us18 7475 ;
*3073e3,483,17=2,06=2473=2463-2¢58-2:59=2457=2s43=2,02=2,38=2,48=2,62=-3,02 7550
«3 49l o16=5 ¢00~5,00~5.00=5,00=5,00-5400=5,00=5.00-5.10-5.03=5.M0-4+87-4.50 7625
“4e2123.90=3.66=3,56=3,51=3,51=3¢51=F443=3,41=F¢34=3,3U=3,47=3,60=-3,87-4423 7709
4 ¢59~5,00-5¢00-5,00=5,00=5,00=5,0025,00-5,00=5,00~5¢33~5400=5,00=5.03=442F 7775
b o51=be10=3e78-3:32-3:03=2,74~2¢43-2.08-1,83-1459~1,29-1,02~0,81=N,70-0.73 7859 )
«0493=1408=1¢19=1,35=1,47=1,57=1:66=1e80~-1:91=2e04~2:18=2433=2,047=2,61=2472 7025 i
2209723103283 ,64~-3:63~ *3,81=3:98=4415~4,32=4,61~04, T1=4,80-5,00-5,00-5+40 K006 1
«540025,00%5,00=5,00=4,32=3,24=2¢59=2,12-1,82-1¢57=2,3U~2416-1,02~0.82-0.6412950 i
“0oelt8-0¢33=0:16~0,06 008 0.21 039 0,52 0,61 3¢72 0485 095 1.02 1442 1418173725 &
1621 1017 1408 0,98 0490 0,97 1413 137 1,58 174 1,70 1,48 1413 0,73 §.2212107 i
-0.51-1057‘30“8'5.00'5000'5000‘5.00'5.03'5009'5.00‘5.0"5030'5.“0’5.00'500313175 %
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wr
‘“-15-3051’3n°0'2.5“'2-12‘1-76'1-50'1021'0-86’0.“9‘0.29‘0010 D692 0412 024 675 g N
0632 0443 0452 NeS8 0,65 0,72 0479 0476 0,72 0468 0454 0468 0,79 "o B3 da8F 650 & 1
0680 0,78 0468 0,56 066469 0442 D34 0425 Dolle 0,02-0,14-0435-0.51=0.74=78R 725 & 3
“1017=1¢40=1¢58-2,11%2,47=2,83=3:24=3459=3,94~5,00~5:10=5.2025,00-%.C0=5410 b0C T g
«5 ¢00=5,00=5 ¢00=5,00=5¢00=bo bl +00=3450=T,14=2,78=2441~2:13=1,78=1,.49-1,72 *+75 § s
0620 0615 0635 0,57 0478 0695 1420 140 1,65 1480 1.97 2,10 2,21 2.%1 2,38 159 3 3
240 2442 2458 2452 2420 2,48 254 2,45 2,20 2,00 120 £e35 0.92 N80 N.92 1025 i
g
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Table E2. Listing of Data for LOWTRAN 3B (Cont.)
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0689 0490 0492 049b 0435 0496 095 0490 0480 0,68 0455 Dbl 9,30 .19 2,38 1130
=0402-0611-0:22=0404~0.560471~0¢89-1.03-1418-4,33-1.60=1.75=1,9C P,u2-2.21 117%
c2e4622459°2479=3400=3:22=F461~b¢16=5,00-5.00-5,00-5,09~5,07=5,y0~ 5 f0=5.00 1250

Tl «5¢00~56005.00-5.00-5.00-5.00~5+00«3.00-5.00=5.00-5,00=5,00-5,00=5.3N-5,10 132%
3 N =5400-5,00=5,00=5,00=5,00-54600-5600=5,00-5400=5,00=5e1125,30=5,30=5.00+5,00 143°C
RS '5000'5.00"1.00‘5 00=5,00=5,00=5,00=5,10~5, 00=5,01=5, 0"= 64 10=5,03=5,3N=5,3; 1475
e §5.00-5.00 =5400-5.00-5.00-5.00=5:00=5.00-5.00~4,416=3.3.=3,hh=3,41~2,05-2,63 15569
: "2e46-2419"2402=1086=1,712145621448-1,39=1,26=1,13-0497-0431-0.H55=2,U4B~,,35 1625
’ 20022-0014=0,06-0,02=0.09=0018=061% 3406 0:26=0e02-0s42=20,80=44R2=04EM=0a7l 17.F
b =0s74=0.79=0 .8&-0.09'0.85-0.01-0.76-0.70-0.66-0.6@*0.%5-0.65-(;.72-0.7&-‘.‘1. 84 1775
3 ©0690-1602=1 o 1616201331 e47=1461=1,77-1:492-1,9822,]4-2.,78=2,09-2.06=-2.03 118510
k: *1 408210931 ¢87«1,82=1,76=1.74=1465-1,59=1:651=1,b4~1.3n~1,28~4,19=1,08=-1,94 1425
*0¢88=00708=0469=0459=0,49=0427=0:25~0418-7.20 0,09 016 0427 0,3R 9,57 2.75 2000

0693 1011 1620 1433 106 Lo46 148 1,48 164 1458 1eb3 1.23 0,66 )e38=-0433 2275
“0471=0666=0:508=0:49=0,44=0e40=0,40=0oUH~0eS3=D,Hs=047A=0e89~1sul=1,14~21,.26 215C
“1 s40=1:,55-1,091,8321,98=2413=2¢28-2,U3=2,64=2,86=3,17=3:25-2,50~272=3,34 2225
*5.00-5:90-53.00=5.00-5.00-5.00-5.00-5.00-5.00=5,00-5+01~5.00=-5,00=5.,03=5,I" 2339
=5400-5.00-5,00-5:00~5:00-5¢00=5:00=5:00=5400=5,00-5,20-5430=5,00-5,70-5,00 2237%
«5,00~5400~5,00=5:00-5,00=5400-5:00=5,00-5.00=54003-5e9945401=5,30=5,530%54%44 2450
«5¢00-5,00-5 400=5,:00=-5,00-5400=5.00-5:00-5400-5,00-5.00~5.20=5,70=5.00~5.00 2575 &
=5400-5:00-5.00-5400-5,00=5400=5:00=5,00=4¢16=3:97~3477=3:58=3,38=2,37=-2.75 2Ffui :
“20l414=2012=1485-1457=1430-1097=0498~0 4940 489=0,85=0431=0477=1.72=0,68=0,62 267°F
‘0053‘0.53'0.‘05'00“1‘0.3‘0‘0.26'0019‘0.17'0.15‘00 19~ 0, 46-0.79-1,12=-1.U45=-1,75 275¢

038-2e97-3,57=4e16-5,00-5,00-5:00-4415=3,90-3,63-3.37-3,10=~2.,79=2,0L7=-2,15 28?5
-1.86-1.73-1.63—1.52-1 4113314251417 -1409-1,020,36=0483-0,82-0473=7,60 29iC
*0 5400420 .270e12 003 0418 0425 Je31 2439 Qo7 JatsB8 D443 0450 245N V443 2975
: 0465 0623 0:01=Ne81<0:33=0e55-0:e77=1:483=0:88-0,94-N43?=-0.,91-0.90=3.P5=7,R0 Zy310
o “0e76=0:e71-0:69=0467=0:66-0:65=0465-0466=NeH7=0468=0:4701=0:.72=C0482=-3493~1,42 3125
*lollhele20=1 ¢34=1,51+1,68=2,13=2:67=2,92-3426-3e71=L416-5:30=5,00~5.00-5.0C 2205¢
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! 2493E~04 3,86E~04 5,09E~-04 6.56FE-04 B,B85E-04 1,06E-03 1.31€~-0% 1.,73c-0%3 20ace R
3 ) 2.27F=03 2,73E~03 3.36E-03 3.95€-03 S.4U6FE~03 7,19E-03 I, 00E~J3 1,137=-02 2120 3
;. 1,36E~02 1,66E=02 1,96F =02 2.16E=02 2,36F=02 2,637=)2 2,305=32 T.,165-37? 2160 3
3 Jet40€E=02 I,66E=02 3,92€-02 4,26E=02 Lo BAZ=J2 4 5202 54378=32 5,65c="2 223 g
: 6+00E=02 6430E=02 6.60E-02 6.89E-02 7,1RE=02 7,397-02 7.60E=-y2 ?7.34E-Q? 22475 5
. 8.08E=02 8.39E-02 B8.70E=02 9.13F=02 9,56E-02 1.,095~N1 1,2JF=-01 1.,36F=y1 2260 1
3 1.,52E-01 1,60F~-01 1.69€E~01 1.60F=-01 1.515-91 1.375-01 1,236=31 1.,19L=~.1 RN &
3 1.16FE=01 1,14F-01 1.,12E-01i 1.i2E-01 1.117-01 1,11£-01 1.123-01 1.14E =01 2350 5
v 1.13E-04 1., 126-01 1.09€-01 1.07E-01 1.,025-01 9.,90E-02 9,.,50E-N2 9,)0F=-2 2630 o
8+65E=02 8,20F=02 7,65E=-02 7.uBE=02 6,505~02 64105~02 5,505-12 4.,25F~02 2uui 4 ;
boSO0E~02 U4, 00E=02 3,75E=02 3¢S5CE=02 3410E=02 2. 65E=N2 2,5)C=02 2,20F~(? 2ufc = 4
1.,95€-02 1,75E-02 1.60E-02 1.40E-(G2 1.20F~02 1.05E=-02 9.57€E~03 9,00F-03 €522 < ;
8.00€E-03 7,006=03 6,50E~03 H,00E~03 5.50F~03 4e75%=93 4400203 3,75E~C3 2es0 :
3.50E-03 3,00E-03 2.,50E-03 2,25€=03 2,005=02 1.,85z~-07 1,772=03% 1.60L=0% 2650 )
150E=03 1.50€E=03 41.54E-03 1.506-03 L. 47E-03 1.34FE=-0F 1,25E~03 1.,0RE-03 2640
9.0hFE =04 7,53E=06 B L1E-0L 5.09F~04 L DLUE-04 34365=04 2.86F~04 2,32F-04 2FA]
1,9%-04 1.57€E=-04 1,3LE-04 1.02E=04 B.07F=95 272¢
0423 o187 4147 o117 097 087 410 4120 147 174 20 24 .28 3T 00 2350 Hy0

%.50E-03 A.00E-03 1.07€E~-02 1410E=-02 1,275=02 1,74E-02 ?,0)E=~02 2.u5F=2 131726

3.07E=02 3, BUE=02 4, THF=02 S5.A7E~02 H4.5LE=02 7,62E=-02 9.16E~02 1.00F-01 iueng 4
1.09E=-01 1,20E=01 1,28E~01 1412E-01 1e117=02 14161-01 1,19E=01 1,13T =01 1e2rg
440BE~02 3+87E=02 3 B2E-02 2.94E~02 2.N9E=N2 1.80=02 1.91E-02 1.hRE-02 14499
1.03E=01 9, 24E=02 Bs28F=02 7.57€E=02 7,07E-02 6,58E=02 5,5h%~02 L, ,77E-32 17310
1,17E~02 7,70E=03 6,10E~03 8,50E-03 6,105-03 3I¢703=03 3,20E=~03 3, 10€-C3 21{3¢
2255603 1.98E=-03 1.40F=03 B,25E-04 2?2.50FE=04 0.005=-N4 0.00E=~04 QsNJIE-D0 22600
S.65E-04 24 QUE =03 7.35F=03 2,02E-02 4.908€-02 1.,18E~0L 2.4RE~01 5,18F~01 2754572
1,026-00 1.95E-00 3,79E-00 6,65E-00 1.,24E+01 2.,20E401 3.675+01 5.95E+01 31521
8450E401 1,26E402 1,6BE402 2,06F+02 2,42E+(2 2.,74F+02 2,91F+02 3,02€+02 355010
3.03E402 2,94E#02 2, 77F402 ?2.54E402 2.2h¢02 1.967+02 1.68E+02 1,LLE+Q2 Jesng
1.17€402 9, 75E 401 7.A5E+01 6, 0LE+0L 4,62C401 3, LGT4+01 24522401 2,70F+71 42570
1576401 1.20E+01 1,00F+JY B8,B8CGE=00 8,30F=00 RBe63Z=1 478)¢
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Table E2. Listing of Data for LOWTRAN 3B (Cont. )

, 5 1 2

: , 24500 8,500 65,000
3 ' 2350.000 24504000 54000
2

6 7 & (¢ 1
; 200 ,20832 02054 4250 419518 ,00864L 300 13479 00442 o400 417032 L0N243
{ ) +488 416213 400193 4550 ,15800 «GU186 ,69L 415301 00155 A60 14412 05178
i 14060 413909 400191 1.536 412754 00191 1,800 +12049 00145 2.900 411530 202138
) 24500 .09962 00326 3,000 10426 05258 3,500 ,03399 ,00653 3,760 ,09191 ,u27%
} 4,000 08670 ,00314 5,000 07012 4N1578 5,500 4059328 +005J7 A4003 uS4BS ,02251
i 7200 J0W758 00942 7,900 04063 407923 8,200 03960 01006 B.500 0LO4S 31125
f 8.T700 404267 40121k 9.000 06208 01119 9,200 403962 01141 9,500 ,03552 .J101L

9480 03257 00983 10,00 03051 03987 10,59 .02582 ,01083 11,00 02476 ,01332

I TR T R AT«

! 11450 02556 401663 12,50 403085 (02354 12,00 +0?339 02575 14,00 03688 ,32927
' . . 15.00 ,03A88 02948 16K.40 04021 02964 17.20 0WL121 02936 38.59 (3951 .027kKC
: 20.00 ,036648 ,02537 22.50 .03232:.,02263 25.00 02901 02053 30.00C 02420 ,0177%

L

F O 0. 0. 10.
Y 1820. 200080, Se
2

6 7 1 0 1 .
200 +31030 410692 250 +28416 08649 300 425805 07571 400 208R7 06376
o488 417631 05674 550 15800 05282 .69% +125601 Q4523 860 10071 404022
1.060 +08140 03564 1.536 05408 02769 1.800 04465 (Q24LIR 2,000 .03899 .J2115
2500 ,03211 .01827 3,000 02838 401633 3,500 U2545 +04360, 3,750 02421 (01274
4000 ,02319 ,01223 5,000 02010 01078 5,500 40189 01045 64300 01776 01022
7200 01767 01072 7.900 01445 0075 8,200 01384 01337 8.500 C1757 01251
8.700 21854 (01172 9,000 01900 ,01202 3,200 91339 01278 9,500 P1748 01275
' ' 9.80 01669 00973 10,00 +01644 400356 10459 401555 ,008A8 14,00 01439 ,00795%
11450 01452 00765 1250 401373 00727 13.00 01347 00721 14e00 ,0129% ,00707
1500 +N1315 00843 16,40 401297 409751 17.20 01332 00776 18.50 1245 20712
20,00 .01262 00741 22450 ,01209 ,00719 25.00 01143 .00A91 30.70 .C1050 .NOG6S
o. °. J. 10.
1820. 20000, Se
2
6 7 1 0 1 . ‘
200 38223 ,07945 4250 32979 03661 4300 25540 +3211) L4000 22026 )1247
+488 17989 ,01114 550 15800 01095 694 12764 00968 860 03151 21068
1.060 07078 01073 1.536 04184 (0093 1,800 03126 00720 2,100 02510 .J)0437
24500 402068 ,00463 3.000 01900 00584 3,500 01767 ,00250 3.750 01639 ,JIL214
%.000 ,01654 .00232 5.000 . 01533 00321 5.500 01479 «N73A8 6,000 01349 ,00uK2
7.200 01569 ,00745 7,900 +061102 .0%A17 A.200 01719 00817 B.,500 .G1778 .J)1254
8,700 ,01994 ,01126 9,009 .02112 ,01203 9.200 02213 ,01378 9,500 01870 .04C05
9,80 01744 00332 1000 401714 400810 10,59 01588 70640 11.00 ,01514 ,0057¢C
11.50 01455 .00%35 12.50 .01365 00516 13.00 .01339 .00523 14.00 .01286 .)053% E
15.00 ,01368 ,00834 16,40 ,01384 ,00696 17.20 ,01480 00767 18,50 01253 ,9C677 E
20,00 01427 00767 22.5N ,01381 09767 25,00 01302 +00749 30,00 01206 J0G761
n. n. “. 10.
1820. 20000. Se
2
6 7 1 0 1
+200 %0212 .0B0UL2 250 34505 03451 4300 423574 01767 4400 22505 .G0971
488 18187 00772 550 156800 07745 +69L 411722 +00A19 LBH0 NAS37 ,INGA3
1.060 .0626% ,00685 1.536 ,03078 00545 1.800 +01912 00348 2.G00 04241 436173 "
20500 00783 ,30443 2,000 ,00629 ,03251 3.500 .00420 ,.00076 I.,750 02354 .N0C62
: 4.000 00316 00069 5.000 ,00233 .00098 %.500 00224 +00127 6,000 00234 00171 ‘
3 7.200 00358 ,v0322 7.900 ,00293 .00285 8.200 00465 00463 84500 00785 20766 s
3 8.700 00664 400540 9,000 ,00726 ,0059% 9.200 00858 (00763 9,590 (0050 , JA4L27
k 9,80 .00377 00311 10,00 00359 .00299 10,59 00272 .0027% 11.00 00212 00175
11,50 ,00191 ,00162 12.50 .00177 00157 13,00 . 00180 .00164 14.00 ,001R2 ,00170
15,00 ,00382 ,00375 16440 ,002LF 400235 17,20 00264 +N0243 18,50 00221 00212
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